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TNTRODUTION 


The  development  of  any  complex  ay stem  should  be  based  upon  an  orderly, 
clearly  defined  system  approach.  The  end  objective  or  problem  to  be  solved 
.1  'ould  be  the  design  goal  for  the  system.  If  tills  objective  cannot  be 
reached,  the  problem  to  be  solved  should  be  modified  to  be  consistent  with 
the  state  of  the  art  or  time  available  for  system  ueveloranent.  The  design 
of  the  system  should  be  based  upon  parameters  resulting  from  system  analy¬ 
sis.  Tl.'s  system  approach  vill  result  in  a  product  which  has  a  predictable 
use  capability  and  will  be  aucc-^sful  within  this  defined  capability. 

SYSTEM  DSVELOiNEJfP 

The  block  diagram  of  Fig.  1  shows  the  flow  of  events  which  tak>  place 
in  the  development  of  a  complex  service  equipment.  Tfce  top  left  brock  of 
Fig.  1  is  entitled  Operational  Requirements.  The  existence  of  a  need  for 
the  system,  its  general  description,  and  a  statement  of  necessary  perfor¬ 
mance  to  satisfactorily  accomplish  its  mission  is  spelled  out  In  the 
Operational  Requirements.  In  its  initial  concept,  the  system  can  be  des¬ 
cribed  as  being  comprised  of  certain  major  elements  having  prescribed 
operational  capabilities  which  are  presented  as  design  objectives.  These 
objectives,  as  defined  in  the  Operational  Requirement,  include  system  func¬ 
tions;  features  such  as  accuracy,  countermeasures  invulnerability,  safety, 
servicing  and  operational  flexibility,  and  acceptable  limits  of  operational 
performance.  The  Ope rationed.  Requirement  generally  describes  the  conceptual 
system  and  provides  overall  performance  objectives  to  be  met  if  the  system 
is  to  accomplish  its  mission. 

Initially,  as  illustrated  by  the  figure,  definition  of  the  functional 
system  (and  its  technical  analysis )  provides  a  basis  for  the  detailing  of 
technical  requirements  for  the  system  and  for  its  principal  elements. 
Technical  analysis  may  confirm  the  validity  of,  or  the  ne  :essity  to  modify, 
the  initial  conceptual  system.  Where  such  modification  i  ;  extensive,  a 
reappraisal  of  resultant  change  in  "mission  accomplishment"  potential  will 
provide  an  early  means  for  determining  whether  the  project  should  Justi¬ 
fiably  be  continued  or  whether  a  new  system  concept  should  be  generated 
that  can  more  predictably  accomplish  the  desired  mission.  Presuming  that 
technical  analysis  has  confirmed  feasibility  of  initial  weapon  system  con¬ 
cept,  the  project  bos  then  reached  a  point  where  design  studies  can  be 
initiated. 

Each  procedural  step  from  this  point,  as  indicated  by  the  figure,  is 
validated  or  appraised  by  an  evaluation  process.  Moreover,  evaluation  Is 
shown  to  be  capable  of  effecting,  through  feedback  to  preceding  steps. 
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Figure  1  -  Flow  Diagram  for  System  Development 


theoretical  as  well  as  mechanical  design  parameter  Improvements. 

System  mechanization  remit rementr  have  now  been,  in  accordance  with 
procedural  steps,  theoretically  defined  and  evaluated.  Where  desired 
Performance  quantities,  established  by  the  technical  analyses,  must  be 
degraded  In  the  actual  mechanization  process  by  reason  of  technological 
or  state  of  the  art.  limit itat Ions,  an  appraisal  of  resultant  effects  upon 
mission  accomplishment  is  indicated.  Theoretical  mechanisation  require¬ 
ments  are  validated  by  the  design,  construction  and  evaluation  of  an 
experimental  model.  Feasibility,  operability  and  adequacy  for  the  appli¬ 
cation  are  assessed.  Each  illustrated  procedural  step  should  result  in 
feedback  to  the  preceding  steps  with  modifications  Incorporated  as  indi¬ 
cated  by  new  findings.  When  this  thesis  is  followed,  there  will  be  no 
absolute  technological  freeze  during  system  development  of  the  weapons 
system  concept,  or  of  its  design  mechanization,  before  final  OHJEVFGR 
service  evalua  ion.  The  changes  in  concept  which  thus  occur  during  the 
orderly  program  of  developmental  progress  become  more  constrained  as  it 
progresses  toward  the  delivery  goal. 

Figure  1  showB  design  and  evaluation  of  developmental  models  following 
the  determination  and  assessment  of  mechanization  requirements.  A  written 
statement  of  mechanization  requirements  provides  the  premise  for  specifica¬ 
tion  of  the  developmental  model  equipment.  This  equipment  la  ordinarily 
evaluated  by  the  contractor  with  observation  by  the  Havy.  Evaluation  and 
resultant  modification  of  the  model  equipment  permits  specification  and 
design  of  the  prototype  equipment.  Evaluation  of  the  prototype  is  speci¬ 
fied  by  the  Havy  and  may  be  conducted  with  contractor  assistance.  Evalua¬ 
tion  objective.-  include  demonstration  of  performance  reproducibility, 
conformance  with  predetermined  requirements  and  adequacy  for  service  use. 
Firm,  detailed  specifications  can  now  be  written  defining  the  final  product 
(service  equipment )  which,  wh.-n  constructed,  is  delivered  to  the  Havy  ' >r 
Operational  Development  Force  type  service  evaluation. 

The  foregoing  development  and  evaluation  process  is  generally  applicable 
to  the  development  of  service  equipment .  As  presented,  it  is  an  obvious 
and  simple  method,  rather  easy  to  apply  in  the  generation  of  subsystem  equip¬ 
ment.  Its  application  in  developing  a  weapons  system  of  the  F4H--1-F8U-3 
magnitude  Is  appreciably  more  difficult,  more  important,  and  more  rewarding. 
The  program  objectives  can  be  met  in  a  limited  time  only  through  an  orderly 
procedure,  such  as  that  described  above,  with  continuous  evaluation,  feed¬ 
back,  and  re-evaluation  of  concept  and  design.  It  i a  emphasized  that 
"evaluation"  as  illustrated  by  Fig.  1,  is  on  a  systems  basis,  in  terms  of 
the  relationship  of  subsystem  performance  to  mission  accomplishment .  Thus 
the  contribution  of  the  subsystem  to  the  complete  system  is  determined  in 
a  sensitive  manner. 
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AIR-TO-AIR  WEAPONS  SYSTEM  LINKS 


Th«?  CQmblna.fl  on  hlncn  rilngrn™  and  pictorial  diagr*J5  shown  OH  Fig.  2 
give  the  principal  links  essential  in  the  tactical  usage  i  f  any  air-to- 
air  weapons  system.  Basically,  these  links  are  ns  follows: 

1 .  Target  detection,  assessment  and  fighter  direction  from 
surface  or  airborne  CIC. 

2.  ruinin'  i  ist I  on  of  ve etc  ring  data  to  the  interceptor  aircraft 
either  from  surface  or  airborne  CIC. 

'  3-  Detection  and  tracking  of  the  target  by  the  fire  control 
equipment  of  the  interceptor. 

U.  IFF  from  the  interceptor  aircraft  and/or  from  a  remote 
position  such  as  surface  CIC. 

5.  The  links  employed  during  missile  guidance. 

6.  Fuzing  link. 

7.  Target  characteristics  and  objectives. 

All  of  these  links  and  associated  equipments  go  to  make  up  the  overall 
complex  system.  Bach  of  the  links  sure  dependent  upon  the  other  (except  for 
the  unlikely  case  of  chance  intercepts).  For  example,  design  of  the  fire 
control  equipment  in  the  aircraft  is  dependent  upon  the  accuracy  and  reli¬ 
ability  of  vectoring  data  from  CIC.  The  accuracy  of  airborne  fire  control 
equipment  and  missile  guidance  equipment  are  Interdependent.  Since  all 
of  these  links  depend  upon  one  another,  the  system  designer  must  follow  a 
system  approach  if  a  successful  design  Is  to  be  achieved. 

OPERATIONAL  FROFIIE 

The  pictorial  diagram  of  Fig.  3  further  illustrates  the  dependence  of 
each  of  the  links  or  steps  In  a  typical  Intercept.  Each  of  the  funnjls 
depict  a  decreasing  probability  as  the  engagement  proceeds.  Starting  at 
the  left  center  of  the  figure  it  is  seen  that  not  all  of  the  aircraft  in 
CAP  are  available,  because  of  position,  fuel  and  commitment  problems,  for 
attack  of  a  specific  target.  From  the  fighter  direction  phase  only  part 
of  the  available  aircraft  will  successfully  arrive  at  AI  radar  detection 
because  of  CIC  vectoring  inaccuracy.  Of  the  aircraft  which  arrive  at  AI 
radar  detection,  only  part  will  arrive  at  missile  launch  because  of  fire 
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control  inaccuracies,  position  difficulties  and  speed-maneuver  capability. 
Abjoe^ated  with  the  missile  guidance  phase  there  are  additional  inaccuracies 
r  '  11  it  only  part  of  the  available  missiles  could  be  successfully  employed 
Sfflinst  this  figUrs  ^t  is  obvious  thst  ths  2 y 0+  aw»  /iag<gway 

must  achieve  a  balance  between  system  elements.  For  example,  if  each  of  the 
probabilities  for  the  four  phases  given  were  90$,  the  overall  probability  of 
success  would  be  approximately  66$.  However,  if  one  of  the  phases  had  a 
50$  probability  associated  with  it,  the  resultant  probability  of  success 
-'O’ ild  decrease  to  approximately  36$. 

FUKCTIOML  SYSTEM 

The  block  diagram  of  Fig.  4  shows  the  functional  system  for  the  F4H-1 
end  F8U-3.  This  block  diagram  in  effect  repeats  the  steps  shown  on  Figs. 

2  and  3 •  Principal  system  elements  are  shown  as:  an  operational  re quire- 
men  c  for  the  generation  of  a  weapons  system,  a  tactical  doctrine  for  its 
application  and  an  operational  system  comprised  of  shipboard,  aircraft, 
weapon  and  target  subsystems.  The  overall  system  is  Illustrated  as  regenera¬ 
tive  in  that,  for  its  generation,  the  maximizing  of  "Mission  Accomplishment" 
will  require  establishment  of  the  important  interrelationships  between  sys¬ 
tem  elements  and  mechanization  of  sensitive  parameters  so  that  system  per¬ 
formance  within  respectable  tolerance  will  result.  This  process  is  shown 
its  likely  to  include  modification  of  requirements  and  doctrine  as  dictated 
by  system  concept  considerations. 

JOIST  ACTION  TO  MEET  REQUIREMENTS 

The  preceding  sections  have  described  the  procedure  one  follows  in 
systematic  development  of  an  airborne  weapons  system.  It  is  now  important 
to  establish  the  status  cf  the  two  systems  of  interest  (F4H-1  and  F§U-3) 
and  outline  a  procedure  to  be  followed  in  the  course  of  design  and  develop¬ 
ment.,  Present  programming  of  study  results  from  the  contractor  team  call, 
for  a  completion  of  technical  analysis  of  the  problem  on  1  January  1958. 
Following  that,  a  mechanization  study  employing  the  theoretical  information 
is  due  to  be  completed  1  July  19!;8,  which  leads  to  a  military  specification 
approval  of  the  principal  parts  of  the  system  in  September  1958 . 

At  the  present  time  preliminary  results  are  available  from  the  Navy 
air-to-air  missile  study  program  which  should  be  useful  in  making  decisions 
or,  important  phases  of  the  program  planning  and  execution.  These  preliminary 
results  are  detailed  in  the  study  summary  attached  to  this  report.  Even 
though  the  study  is  not  complete  it  is  possible  to  diuw  from  it  inferences 
which  vl  11  at  least  allow  the  design  and  development  of  the  long  lead  time 
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Figure  4  -  F4H-1  and  F8U-3  Functional  Systems 


items  to  be  implemented.  This  action  io  strongly  rccossaended.  The  fast 
that  study  outputs  are  available  does  not  detract  from  the  importance  of 
increased  emphasis  on  contractor  conducted  study  of  the  prod  lew,  Xnateaf.^ 
it  is  intended  that  the  Navy's  study  result*  he  used  to  expedite  system 
development  until  such  a  time  as  the  contractor  study  results  io  design 
information  useful  in  defining  the  actual  characteristics  required  in  the 
various  system  elements. 

Proceeding  on  the  assumption  that  the  data  presented  in  the  study 
summary  will  be  used  as  recommended  above.  Fig.  5  lists  a  procedure  whereby 
one  could  carry  forward  the  systematic  development  program.  As  stated 
previously,  important  within  these  inferences  is  information  which  should 
be  useful  in  establluhing  the  guide  lines  for  work  on  system  elements 
wherein  development  time  represents  a  critical  factor  when  related  to  the 
progra  mod  delivery  dates  for  the  operational  system.  Figure  5  lists  such 
inferences  as  related  to  system  development.  The  details  of  these  items 
are  at  follows: 

1  There  is  a  need  for  the  formulation  of  the  basic  system  configura¬ 
tion  so  that  an  integrated  design,  approach  can  be  made  to  the  following 
rsxeas: 

a.  B-vironmantal  suitability 

b.  Maintainability 

c .  ianqjut  Ability  of  elements 

d.  Jbcksging  concept  (integrated  effort  by  the  participating 
contractors ' 

2.  The  results  of  the  havy's  study  confirm  earlier  estimates  that  a 
situation  display  will  he  vital  to  the  extraction  of  useful  capability 
from  the  system.  The  u*ed  for  and  possible  type  of  situation  display  was 
descried  in  aD  earlier  URL  Memorandum  C-5309-612/57  which  is  included  as 
Enclosure  1  to  this  report. 

3.  There  is  a  need  for  the  X^rz. ulation  of  tactical  doctrine  guide 
lines  so  that  beat  use  may  be  made  of  the  otherwise  very  limited  capability 
of  the  system  to  fulfill  operational  requirements.  These  guide  lines  should 
specify  the  operational  interdependence  placed  upon  external  logistic  areas 
■uch  ii  * 


a.  BTSFIPB  cognizant  areas  -  CIG  operational  procedure,  ships 
environment,  search  radar,  handling  equipment,  vacuum  tube 
spares j  etc. 
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TASKS 

1.  Formulate  basic  system  eormf igura+i o;’ 

2.  Develop  situation  display 

3.  Formulate  tactical  doctrine  guide  lines 

4.  Revise  operational  concept  for  usage  of  secondary  Missile  seekers 

5.  Sstablish  applicability  of  secondary  AI  fire  control  systems, 
such  as  IR,  to  the  deficient  areas  of  the  primary  fire  control 
system . 

6.  Sstablish  lowest  acceptable  limits  defining  a  useful  Wavy  system 

7.  Actions  on  Items  1  thru  6  above  cannot  avait  the  completion  of 
all  study  effort,  but  oust  be  actively  pursued  to  insure  that 
a  useful  f/atem  capability  can  result. 


Fig.  5  -  Joint  Action  to  Meet  Requirements 


COKFDQKWTIAl 


b.  BUQRT  cognizant  areas  -  Interconnection  with  other  weapon 
systems,  avoidance  of  hazardous  areas  of  other  weapons  sys¬ 
tem*  .  warhead;  fuze .  etc. 

c.  BUATH  cognizant  areas  aircraft  airframe  environment,  power 
sources,  spares  (AfO),  etc. 

d.  C3f0  cognizant  areas  -  operational  requirements. 

e  Contractor  cognizant  areas  -  dependence  upon  contractor  for 
maintenance. 

4.  A  change  in  the  operational  concept  is  required  if  value  is  to 
he  de rivet  from  the  proposed  weapon  system  flexibility  to  be  achieved 
through  the  use  of  IK  Sparrow  III  missiles  or  other  mixed  load  capa¬ 
bilities  when  targets  of  interest  approach  those  spelled  out  in  the 
operational  requirements.  The  preliminary  study  shows  that  for  high 
speed  targets  Vj/Vp  -  1,  the  rear  hemisphere  area  (high  probability  area 
for  m  seeker)  is  not  attainable  because  of  the  inability  of  the  Inter¬ 
ceptor  system  to  attain  a  proper  launch  position.  For  cases  where 
VVF  -  0.8  or  less  marginal  capability  exists  for  the  IR  technique. 
Thus,  reappraisal  of  the  tactical  use  concept  for  IS  capability  is  indi¬ 
cated. 


5.  There  continues  to  be  a  need  for  the  establishment  of  requirements 
for  the  basic  system  so  that  the  applicability  of  IB  (fire  control)  and 
other  redundant  systems  may  be  examined.  Concurrent  with  the  application 
of  redundant  systems,  the  tactical  doctrine  must  be  re-established  as  it 
applies  to  the  fulfillment  of  revised  mission  accomplishment  capability 
for  these  systems.  In  support  of  tfais  opinion,  HRL  has  submitted  memo¬ 
randum  C-5364- 594/57  which  is  included  as  Enclosure  2  to  the  report. 

6.  There  is  a  need  to  establish  an  early  indication  of  the  opera¬ 
tional  limltatic  is  Imposed  by  development  time  limitations.  From  this 
Indication  the  lowest  acceptable  limits  which  will  provide  the  Navy  with 
a  useful  operational  capability  must  be  established.  During  this  process 
a  balance  between  performance  as  related  to  sensitive  parameters,  among 
which  are  '!  radar  range;  AI  giabal  limits:  preparation  time;  missile 
seeker  rv  ge;  etc.,  must  be  attained.  This  conclusion  is  supported  by 
data  in  the  Navy  study  summary  and  by  URL  Memorandum  5364-748/57  which 

is  included  as  Enclosure  3- 
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7.  The  Bury' «  study  results  to  data,  as  Interpreted  by  URL,  indicate 
that  the  limitations  imposed  by  tba  present  system  approach,  by  equip¬ 
ment  deficiencies,  and  by  lack  of  adequate  development  time  vill 
severely  limit  the  attainment  of  the  operational  requirement  objec¬ 
tives.  If  the  preceding  six  generally  deflaient  areas  can  be  remedied, 
useful  attainsent  of  operational  requirement  objectives  can  be  achieved. 
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DETAI1ZD  RE  COMMEND  AT  IONS  AND  CoNCUffilONo  FROM  SUMHARY  OF  NAVY  STUDY  PROGRAM 


1.  The  preliminary  results  of  the  h l  iuy  indicate  that  for  co-altitude 
high-speed  attacks  under  "Ideal"  conditions  with  Vy/Vp  «  1  the  inter¬ 
ceptor  must  start  its  approach  from  forward  of  70°  off  the  target's  nose 
if  it  is  to  get  into  a  position  to  launch  a  miBsile. 

2.  It  can  he  easily  shown  from  the  study  results  that  when  additional 
time  is  added  for  systems  preparation  (currently  estimated  aB  27  seconds 
total)  most  of  this  forward  70°  zone  will  be  eliminated.  In  the  caae  of 
Vt/Ff  ■  1  for  attacks  occurring  at  30,000  and  50,000  feet,  approximately 
a  10°  zone  (from  60°  to  70°  off  the  target's  nose)  would  remain. 

3.  When  Vip/Vp  is  reduce:  to  0.8,  attacks  can  originate  from  around  the 
clock  for  ideal  conditions.  However,  when  the  total  system  settling  time 
is  considered,  it  can  be  shown  that  approximately  the  forward  60°  is 
eliminated  from  the  usable  attack  zone. 

4.  When  the  interceptor  is  slowed  down  to  Vcni^Be  additional  time  is 
available  for  forward  hemisphere  rtt.ack.  However,  when  the  target  is  a 
high  speed  one,  the  approach  aspect  is  eyen  more  restricted.  For  example, 
when  the  target  is  flying  at  Mach  2.0  at  30,000  feet  the  interceptor  must 
approach  from  forward  of  40°  off  its  nose. 

5.  When  the  target  speed  is  Mach  2.0  and  the  interceptor  speed  is  Mach  2.0 
or  VraAX  pull-up  attacks  are  employed  under  ideal  conditions,  success¬ 
ful  engagements  are  restricted  to  7.000  feet  altitude  differential  for 
target:;  flying  at  _>0,000  feet  altitude  and  higher.  No  capability  exists  for 
targets  flying  at  65,000  feet  altitude. 

6.  When  the  target  speed  is  reduced  to  Mach  0.9  and  the  interceptor  is 
flying  at  Mach  2.0  or  Vmax  ,  successful  engagements  are  restricted  to 
altitude  differentials  of  17,000  feet  or  lese  for  targets  flying  at 
50,000  feet  altitude  or  higher.  When  the  target  altitude  is  30,000  feet 
or  less,  successful  pull-up  engagements  can  occur  from  sea  level  to 
co-altitude . 


the  start  of  pull-up,  no  capability  exists  for  pull-up  attacks  against 
either  a  Mich  2.0  or  Mach  0.9  target  at  altitudes  of  65,000  feet  or 
higher . 
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8.  For  the  pull-up  attacks  at  50,000  feet  or  less,  a  greater  altitude 
differential  capability  exists  vhen  the  interceptor  la  slowed  down  to 
Mach  0.9  than  for  the  cases  where  Vp  -  Mach  2.0.  With  the  target  flying 
at  50,000  feet  (Vip  -  Mach  2.0),  this  altitude  differential  is  10,000  feet. 

9.  The  probability  of  sucdesaful  attach  Vheh  limited  toy  some  of  the  ttegrad- 
lhg.if *dfctf>ne< ■  sliqh  aa  glmbal  angle  and  vectoring  Inaccuracies  hav<  been 

in  part  investigated.  When  the  interceptor  is  flying  at  Mach  2.0  in  a  co- 
altitude  attack  and  V^/Vj-  -  1,  the  probability  cf  successful  arrival  to 
missile  launch  for  the  nose-on  case  is  k&fr  and  for  30°  off  the  target's 
nose  is  52$.  At  60°  off  the  target's  nose,  the  probability  goer*  to  xero 
because  of  the  interceptor's  inability  to  grt  Into  position  and  because 
of  glmbal  angle  limits. 

10.  When  V^/Vp  is  reduced  to  0.8  and  the  engagement  occurs  at  co-altitude, 
the  probability  of  successful  arrival  to  missile  launch  is  increased  to 
kS$  for  nose-on,  to  dS$  at  30°  off  the  target's  nose,  and  to  50$  at  60° 
off  the  target's  nose. 

11.  When  the  interceptor  is  slowed  down  to  Jtech  0.9  the  head-on  proba¬ 
bility  of  success  goes  up  hut  falls  off  rapidly  sb  the  aspect  angle 
from  which  the  engagement  starts  moves  toward  the  beam.  For  the  case 
of  Vi p/vp  »  1.7,  the  probability  of  successful  arrival  to  missile  launch 
is  71$  for  nose-on  and  zeiv  at  30°  off  the  target's  nose. 

12.  Although  many  of  the  degrading  factors  which  will  be  encountered 
under  realistic  tactical  conditions  have  not  been  Included  in  the  study 
to  date  the  results  can  be  inferred.  It  is  predictable  that  the  indi¬ 
cated  probability  of  success  values  given  in  Items  9  thru  11  will  be 
reduced  markedly . 

13.  Thus  far  in  the  study  program  the  resulting  improvement  from  the  use 
of  a  bright  display,  bandwidth  switching,  and  optimized  search  area 
have  been  investigated.  The  result  is  an  increase  in  AI  detection  range 
from  12.7  n.mi.  to  19  n.mi.  for  a  Mach  2.0  interceptor  attacking  a  Mach 
2.0  target  head-on. 

14.  The  improvement  factor  given  in  this  report  for  a  bright  display 
is  an  engineering  eet-tiss+e  of  that  which  could  result  by  brightening 
the  current  presentation.  There  are  many  other  "lost"  db's  which  could 
be  recovered  through  a  program  of  system  analysis  having  as  its  objec¬ 
tive  an  optimization  of  the  pilot's  environment.  This  program  would  include 
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the  possibility  of  such  items  as  an  HRL  typo  bright  display,  situation 
display  and  general  cockpit  optimization. 

15.  When  the  improvement  factors  of  Ties  l?  «re  included  and  when  the 
antenna  gi mbal  limits  are  Increased  to  ^  5i  In  azimuth  and  elevation 
there  is  a  marked  Improvement  In  probability  of  successful  arrival  to 
missile  launch.  For  example,  when  Vp  »  Mach  2.0  and  Vrp/Vp  -  l.C  there 
is  an  improvement  in  probability  of  success  of  approximately  30*  for 
head-on  attacks  resulting  in  a  value  of  75^- 

16.  It  is  believed  that  the  improvements  of  Item  13  could  be  incorporated 
in  the  system  during  the  time  era  of  interest.  The  Laboratory  voula 
strongly  recommend  that  the  Bureau  direct  the  contractors  to  proceed 
toward  this  end. 

17.  The  results  of  the  study  program  infer  that  a  situation  display 

is  a  necessity  if  a  tactically  useful  system  is  to  result.  ThiB  situation 
display  is  important  because  it  can  provide  data  from  which  tt  3  pilot 
can  start  an  intercept  prior  to  AI  radar  detection,  (Enclosure  l). 

18.  A  preliminary  study  of  the  sensitivity  of  probability  of  success 
to  AI  radar  range  and  gimbal  angle  limits  has  been  made.  The  result  is 
that  in  some  areas,  especially  nose-on,  the  proDability  of  success  is 
very  sensitive  to  range.  In  other  areas,  especially  60°  off  the  nose 

of  the  target  aft,  the  probability  of  success  is  very  sensitive  to  gimbal 
angle  limits.  It  is  obvious  that  these  features  are  interdependent.  Thun 
a  compromise  in  mechanization  (for  example  large  dish  versus  gimbal  angle 
coverage)  which  can  result  in  an  approach  to  maximum  overall  use  capa¬ 
bility  must  be  reached  before  design  effort  can  be  specified,  (Enclosure  3). 

19.  The  findings  of  this  study  could  and  should  be  applied  in  the  system 
design  effort  being  conducted  by  the  various  contractors.  To  this  end, 
the  study  results  and  details  should  be  made  available  to  the  principal 
contractors.  The  Impact  of  this  is  directly  related  uo  the  imxortance 
of  defining  the  long  lead  time  system  elements. 

20.  The  undefined  developmental  state  of  IR  for  the  fire  control  system 
is  such  that  no  current  system  con  be  realistically  analyzed  in  terms  of 
its  potential  contribution  to  overall  system  performance.  Test  informa¬ 
tion  taken  under  controlled  conditions  would  provide  Information  needed 
by  this  study  program  in  order  to  investigate  system  deficiencies  to 
determine  the  applicability  of  secondary  systems,  (Enclosure  2). 
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21.  Analysis  of  system  performance  resulting  from  use  of  the  Sparrow  III 
7.R  Seeker  will  begin  as  soon  as  sufficient  data  is  supplied  by  the  con¬ 
tractor.  To  date  the  information  available  to  URL  is  not  adequate  to 
warrant  an  analysis . 

22.  Results  of  incorporation  of  the  Sidewinder  missile  in  the  system 
will  be  investigated.  Forthcoming  study  effort  will  initially  be  based 
upon  estimates  of  missile  performance,  since  design  of  the  Sidewinder  Ic. 
will  not  be  frozen  during  the  remaining  study  interval. 

23.  Ih  order  to  continue  on  an  uninterrupted  basis,  it  is  important  at 
this  time  for  the  Bureau  of  Aeronautics  to  program  an  extension  to  con¬ 
tract  NOas  57-663<i  under  the  administrative  cognizance  of  the  Bureau  of 
Aeronautics  Av- 3122  and  under  the  technical  direction  of  the  Equipment 
Research  Branch,  Code  5360,  NRL.  As  detailed  in  the  report,  there  are 
important  areas  where  timely  coverage  will  not,  occur  in  the  current 
study  program.  In  addition  there  are  problem  areas  which  should  be 
investigated  but  because  of  the  limited  scope  of  the  current  program  will 
not  be  investigated. 

24.  The  Laboratory  will  forward  to  the  Bureau,  under  separate  cover,  a 
recommended  extended  study  program. 
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C-5309-612/57  9  A'^8t  1957 

MEMORANDUM 

Subj :  Indicators  Configuration  for  FUH-1  Airplane  and  Aero  X1A  System 


1.  The  FkH-1  airplane  Is  a  high  performance  two-place  fighter  which  wiU 
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as  Its  principal  armament.  The  Introduction  of  the  data  link,  during  the 
early  fleet  employment  of  this  aircraft  dictates  that  the  fire  control 
system  operation  he  set  up  to  utilize  the  Information  available  as  an 
output  of  such  a  system  to  optimize  the  utility  of  the  overall  weapons 
control  system.  The  outputs  from  the  data  link  must  be  displayed  to 
present  the  airplane  operators  a  usable  tactical  display  and  at  the  same 
time  data  from  the  airborne  Intercept  radar  must  be  displayed  In  a  manner 
consistent  with  the  tactical  display.  In  this  aircraft  the  problem  is 
complicated  by  the  fact  that  the  phasing  in  of  data  link  may  lag  the 
initial  fleet  deployment  of  the  aircraft.  Thus  the  tactic*'  display  suit 
be  usable  with  current  voice  canmiuication.  This  memorandum  will  outline 
soma  of  the  requirements  that  are  placed  on  the  system  by  these  conditions 
and  outlines  a  recamaended  solution. 


2.  The  aircraft  has  a  pilot  whose  principal  task  is  to  fly  the  aircraft 
to  intercept,  utilizing  first  ground  generated  attack  data,  and  after 
AI  detection,  the  data  generated  from  his  AI  radar  and  fire  control  com¬ 
puter.  Without  such  a  visual  attack  display  the  probability  of  intercept 
will  be  low.  The  radar  operator  has  the  primary  taBk  of  radar  detection 
and  identification  of  the  target,  and  subsequent  to  detection  he  acts  as 
a  monitor  to  assist  the  pilot  where  possible.  He  also  -  -ves  as  navi¬ 
gator  and  for  this  system  will  serve  to  put  certain  ground  generated 
inputs  Into  the  system,  prior  to  the  time  of  Introduction  of  the  data 
link.  The  Introduction  of  the  data  link  will  allow  automation  of  thiB 
particular  function. 

3.  With  the  advent  of  newer  cathode  ray  tubes  the  use  of  two  color  pre¬ 
sentation  will  be  used  to  present  primary  and  secondary  information.  The 
use  of  such  a  tube  Is  assumed  In  this  study,  however,  it  is  not  mandatory. 

h '  Tli®  b&sic  Ysctorisg  systes  1?®  usid  v.wiiH  bssed  on  tli®  tr*i L&ngXg 
presentations.  It  is  felt  that  the  advantages  of  this  system  are  prin¬ 
cipally  the  wide  bandwidth  of  the  usable  information  and  the  flexibility 
that  the  system  allows  in  the  establishment  of  intercept  doctrine.  The 
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triangle  uyetem  has  ground  generated  data  Input. rr: 


(a) 

(b) 

(c) 

(d) 
(«) 


X,  the  N-;!  displacement  between  target  and  Interceptor. 
!f.  the  E-W  ill  splaccracnt . 

Target  altitude. 

Target  speed. 

Target  heading. 


These  quantities  are  then  combined  will:  anti  generated  in  the  aircraft 
and  operated  on  to  generate  range,  nearing,  elevation,  and  target  heading 
in  airplane  coordinates .  These  are  put  on  on  ind 1  cat or  as  Bhown  Ip  Fig  1 , 
in  a  PPI  type  presentation. 


V,  F  -H 

Vt  w 
V,  *f. 


This  shows  two  vectors,  one  emanating  frem  the  bottom  of  the  indicator 
is  phe  Interceptor  vector,  and  the  other  from  the  target  is  the  target 
vector.  The  length  of  the  vector  is  the  velocity  times  a  preset  time. 

A  pilot -operated  time  dial  can  be  set  so  as  to  bring  the  ends  of  the 
two  vectors  to  the  same  range  as  shown  in  Fig.  ? .  (The  dial  io  time 
driven  so  that  the  time  shown  1c  always  time  to  go),  "a1'  shows  the 
relationship  of  the  two  vectors  when  the  time  dial  tan  been  set  to  time 
to  go. 
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Condition  "a"  shovs  the  pilot  that  his  course  is  toward  the  left  of 
a  collision  course,  and  by  turning  the  aircraft  right  he  can  bring  the 
ends  of  the  vectors  into  coircidence  as  in  "b."  Ac  this  time  the  air¬ 
plane  is  in  a  collision  course. 

It  is  such  a  maneuver  that  points  up  the  first  advantage  or  triangle. 
The  maneuver  shows  up  Immediately  on  the  vector  display.  Were  the  vec¬ 
toring  computation  done  on  the  ground  the  feedback  cf  information  regard¬ 
ing  the  turn  would  have  to  wn.it  several  sweeps  of  the  search  radar  before 
the  now  trv.ck  would  be  generated.  The  triangle  results  in  a  vastly  in¬ 
creased  vectoring  system  bandwidth.  The  second  principal  advantage 
foreseen  for  the  system  is  in  the  flexibility  of  establishing  doctrine 
for  vectoring  approaches.  The  pixot  could,  for  example,  readily  fly  a 
collision  course  towe-cd  a  cut-off  point  which  he  could  establish  visually 
on  the  scope.  If  ho  Mated  to  start  his  attack  run  from  a  cut-off  point 
10  miles  off  to  one  side  and  SO  miles  forward  of  the  target,  in  order  to 
assure  a  forward  hemisphere  approach,  he  could  readily  fly  a  collision 
course  toward  this  point  and  then  make  a  turn  toward  the  ’ultimate  attack 
course . 

5.  An  additional  corapucc-d  quantity  is  to  be  added  to  the  pilot's  vec¬ 
toring  indicator.  This  is  a  line  which  indicates  to  the  pilot  the  detec¬ 
tion  range  required  for  a  high  probability  of  successful  intercept.  If 
the  target,  is  approaching  this  barrier  and  as  yet  detection  has  not  been 
made  he  is  warned  that  some  delaying  tactics  are  required.  A  slowdown 
in  the  forward  hemisphere  may  be  necessary  or  a  course  which  would  alter 
his  approach  would  be  suitable  tactics  for  maintaining  a  high  probability 
of  kill.  Such  tactics  can  be  experimentally  derived  using  this  vectoring 
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system.  The  addition  of  gimbal  limits  in  this  indicator  appears  necasaai"'. 
The  complete  prir  Bay  pilot  display  for  vectored  search  operation  vectoring 
mode  is  snown  in  Fig.  3.  It  includes  an  elevation  slash  which  give*  the 
clevetxon  difference  between  him  and  the  target. 


QIMBAL  limit 

DETECTION 

BARRIER 


Fig.  3  -  Complete  Vector  Display 


6.  The  radar  operator  would  normally  require  only  the  search  display 
during  the  search  period.  Since  outputs  of  the  triangle  computer  are 
bearing,  elevation  angle  and  range  it  is  possible  to  point  the  antenna 
toward  the  expected  target  position.  Only  he  area  which  is  likely  to 
contain  the  target  will  be  searched  and  will  be  displayed  on  the  indi¬ 
cator.  The  expected  target  position  will  lie  at  the  center  of  the  tube 
and  the  center  will  therefore  serve  as  a  designation  point.  As  the 
airplane  turns  the  antenna  would  continue  to  search  around  the  most  prob¬ 
able  target  location.  Thus  the  display  would  be  stabilized  about  the 
line  of  sight  to  the  expected  target  position. 

Designation  of  the  target  would  be  accomplished  by  overriding  the 
triangle  designation  and  performing  a  lock-up.  Designation  would  re¬ 
quire  Insertion  by  the  radar  operator  of  the  difference  in  range, 
bearing,  and  elevation  between  the  actual  detected  target  position  and 
the  position  indicated  by  the  output  from  the  triangle  system.  They 
will  be  inserted  using  a  conventional  Joystick.  Also,  on  the  presenta¬ 
tion  for  the  radar  operator  will  be  a  minimum  detection  range  curve 
comparable  to  the  one  on  the  pilot  display.  The  principal  display  for 
the  radar  operator  is  shown  in  Fig,  4. 
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Fig.  4  -  Radar  Operator's  Principal  Search  Display 


f  the  ****  llDk  803  the  •■■oeiated  ground  equp- 
Bfeut  is  not  available  for  the  fleet  the  radio  operator  will  function  L 
a  transducer  of  information.  He  will  take  data  comparabiTtoThi 
data  link  outputs  and  manually  feed  then  into  the  system.  This  vlll 
place  an  additional  requirement  on  the  systematic  mechanization  of  the 
vectoring  computer,  in  that  it  must  be  capable  of 
either  automatic  or  manual  inputs.  omng  vitn 

L  mods*  training  operations  require  that 

t*t  ?v>  “  the  radar  °Pera,tor  be  able  to  monitor  each  otter's  scope. 

For  thru  reason,  as  an  optional  display,  either  man  can  choose  to  suner- 
xiupose  ti'e  otter's  display  on  his  in  a  second  color. 


Note  ;  s«icoHr>  color 
shown  BV 

CASHED  LINES 


Fig.  5  -  Range  Operator’s  Optional  OVo-Cclor  Display 
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The  development  of  the  two- color  display  using  a  transparent  phosphor 
has  advanced  sufficiently  far  to  plan  for  It®  use  with  this  system,,  A 
two-color  display  is  not  essential  but  would  offer  great  advantages, 
with  this  facility,  the  pilot  can  assist  the  radio  operator  in  canes 
wnere  the  radio  operator  experiences  difficulty  in  detection  and  also 
tnc  radar  operator  could  aid  the  pilot  in  determining  cut-off  distance® 
and  so  forth.  In  the  event  of  failure  of  either  indicator,  the  mission 
could  be  completed  vith  a  reduced  probability  of  success. 


9.  After  detection,  designation,  and  lock-up  the  pilot  will  get  a  dis¬ 
play  which  once  again  will  rely  on  a  two-color  display.  This  is  shown 
in  Fig.  6. 


Note  :  *eco*u>  color. 

SMoWNl  -BY 
EASHBP  UHES 


Fig.  6  -  Pilot's  Attack  Display 


The  circle-dot  display  will  consist  of  collapsing  circle  fixed  at  the 
center  of  the  display.  The  size  of  the  circle  will  be  such  tnat  if  the 
pilot  keeps  the  dot  vithin  tie  circle  he  can  be  assured  of  completing 
the  Intercept.  Thus,  as  the  run  nears  its  completion  and  the  require¬ 
ments  of  heading  accuracy  increase  its  reduced  size  will  reflect  this 
increase  in  required  accuracy.  The  triangle  situation  display  will  dis¬ 
play  the  range,  time  to  go,  range  rate,  approach  angles,  lead  angle  in 
a  manner  which  should  be  superior  to  the  current  techniques.  The  data 
to  generate  this  display  will  came-  from  the  AI  radar,  and  not  the  ground. 

All  the  required  quantities  are  now  computed  for  the  fire  control  solution. 

10.  The  principal  duties  of  the  radar  operator  during  the  attack  phas' 
lie  in  monitoring  tie  attack  situation,  in  checking  radar  operation  and 
in  watching  for  counter  measures.  His  primary  display  will  be  the  collapsed 
B-seopj.  The  triangle  situation  display  will  be  added  in  the  second 
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color  as  shown  In  Fig.  7« 


\ 


Fig.  7  -  Radar  Operator  Display 


11.  The  breakaway  signal  will  be  a  computer  generated  oral  tone. 

12.  Secondary  modes  of  operation  call  i\*r  modification  of  these  displays 
When  on  patrol  operations,  the  area  to  be  searched  may  call  for  a  wide 
azimuth  angle  search  or  for  a  possible  sector  scan.  A  selector  switch 
should  be  set  for  either  wide  or  sector  scan  for  the  patrol  mode.  In 
this  ease  the  radar  operator's  indicator  could  show  all  targets  with: n 
some  preset  range,  and  over  the  azimuth  angles  which  have  been  chosei  . 

The  pilot  can  use  the  triangle  presentation  ns  a  navigation  aid.  If  a 
preset  point  is  put  xn  the  system  as  a  target,  the  pilot  can  use  this 

as  a  reference  point  in  his  petrol  activity.  If  several  plane c  are 
used  in  a  routine  patrol  the  use  of  preselected  reference  points  can 
assure  a  thorough  search  of  an  area,  navigation  hack  to  the  ship  or 
base  can  be  accomplished  by  setting  in  the  base  location  as  the  refer¬ 
ence  or  target  point. 


O&jL* 

Charles  H. 


18 


COEFIDBITIAL 


C- 5  364- 39V 57 

nsmgrauxin 


2  August.  1957 


SubJ :  IR  Tie-In  for  Aero  X1A  sad  X1B 

1.  At  the  AMCS  Aero  X1A/B  coordinating  conference  on  27  July  1957> 

IRL  mi  verbally  requested  by  the  Bureau  of  Aeronautics  (AT- 33211) 
to  render  advice  concerning  the  IR  tle-ln  for  this  system.  At  pre¬ 
sent,  under  contract  with  the  Aircraft  Division  of  BuAer,  McDonnel 
.Aircraft  Company  has  subcontracted  to  Avion  the  development  of  si 
IR  search  and  traok  device  for  the  F4H  aircraft.  Additionally,  the 
Bureau  (Avionics  Division)  has  a  contract  with  Aerojet  for  the  develop¬ 
ment  of  IF.  equipment.  This  contract  has  been  oriented  to  be  appli¬ 
cable  to  the  F8U-3  aircraft,  There  Is  a  desire  on  the  part  of  the 
Bureau  to  coetibine  this  IR  development  effort  In  the  hands  of  only  one 
contractor. 

2.  Because  of  statements  made  by  the  tvo  IR  contractors  at  the  AM58 
Aero  X1A/B  Coordinating  Conference,  namely  that  each  Is  fully  cogni¬ 
zant  of  the  tle-ln  problems  Into  the  rest  of  the  AMCS  and  that  each 
could  use  any  of  several  tle-ln  methods,  it  le  not  possible  to  make 

a  selection  of  contractor  on  a  technical  basis.  In  other  words,  each 
contractor  stated  that  he  vould  solve  the  tie-in  problem  to  the  satis¬ 
faction  of  the  Havy.  It  Is  therefore  reconended  that  the  contractor 
be  selected  on  the  basis  of  his  experience  and  reputation  In  the  de¬ 
velopment  of  IR  devices. 

3.  There  are  several  system  aspects  of  an  IR  tle-ln  which  appear  to 
havr;  been  neglected  la  planning  the  IR  tle-ln  effort. 

a.  The  use  of  an  IR  equipment  In  the  AMCS  can  only  be  Justified 
on  the  basis  that  it  "fills  a  hole”  In  the  system  capability  caused  by 
a  deficiency  of  the  other  parts.  Such  a  deficiency  might,  for  example, 
be  the  lack  of  radar  low  altitude  capability.  Beca.ua  the  development 
and  use  of  IR  devices  in  this  country  is  only  In  Its  infancy ,  the  capa¬ 
bility  of  IR  to  supply  an  otherwise  lacking  performance  Is  seriously 
iu  doubt  until  proven.  This  is  particularly  true  at  low  altitude  where 
atmospheric  absorption  and  ambient  background  levels  are  high.  For 
example,  recent  HR!  IR  measurements  of  the  F0U-1  and  F11F  at  cruise 
velocity,  without  afterburner,  and  at  altitudes  between  2,Q00  and 
4,000  feet,  show  that  these  aircraft  are  not  detectable  in  the  nose 
aspect  at  any  range.  The  measurement  equipment  was  state  of  the  art 
laboratory  equipment  of  known  high  sensitivity. 


Elf  CLOSURE  2 
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b.  To  prove  or  disprove  claims  of  IR  capability,  it  is  neceb^ary 
to  proceed  with  the  developmert  of  IR  equipment  at  a  rapid  rate. 

c.  Until  IR  equipment  capability  can  be  proven  and  because  of 
weight  and  complexity  considerations,  it  is  necessary  to  proceed  with 
the  development  of  the  AMCS  Aero  X1A/B  as  though  no  IR  tie-in  would  be 
made. 


d.  It  is  very  Important  becuase  of  Items  a,  b,  and  c  above  to 
develop  completely  separate  radar  and  IR  systems  so  that  a  failure  of 
either  system  will  not  impede  progress  in  the  other.  At  such  a  time 
as  both  radar  and  IP.  capabilities  are  evaluated  and  exist  as  proven 
techniques  it  will.  be  possible  to  reconnect  the  separate  systems  as  a 
single  system  in  a  suitable  tie-in  configuration  of  less  weight  and 
size  than  that  possible  with  separate  systems.  This  will  he  possible 
because  a  number  of  the  parte  may  he  made  common  to  both  systems. 
Interconnection  at  this  later  date  should  he  relatively  easy  and  not 
very  time  consuming.  It  is  recommended  that  such  a  program  be  adopted. 

k .  A  research  program  to  make  radiometric  measu  aments  of  airborne 
targets  in  the  IR  spectrum  already  exists  at  NHL.  Equipment  for  this 
purpose  is  in  hand  and  operating.  The  KRL  program  calls  ft r  measure¬ 
ments  at  both  high  and  low  altitudes.  A  parallel  program  to  conduct 
-  Imilar  research  in  the  radar  fii  d  has  been  in  existence  for  some 
bjjne  and  will  continue  indefinitely.  It  is  suggested  that  the  selected 
IR  contractor,  in  his  development  program,  make  use  of  this  facility 
for  comparative  radar  and  IR  measurements.  Such  a  method  of  data  col¬ 
lection  is  of  interest  to  cognizant  URL  scientists. 

5.  xn  summary  it  is  recommended  that: 

a.  A  single  IR  contractor  be  selected  on  the  basis  of  experience 
and  reputation. 

b.  Both  radar  and  IR  systems  be  developed  as  separate  self  .  ef¬ 
ficient  packages. 

c  ien  i  oth  radar  and  IR  performance  contributions  to  the  AMCS 
can  he  fully  appreciated,  the  integration  (tie-in)  be  accom¬ 
plished. 

d.  Equipment  contractors  use  existing  URL  facilities  to  perform 
irate  and  comparative  radar  and  IR  measurements. 
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c- 5364-748/57 

memorandum 


17  October  1957 


Radar  Antenna 


l  BMW  bO  X-  VI  *\Mf  ATM"  f  C- 


AK/Ath-T^ 


1.  Design  of  fleet  deliverable,  production  AN/APQ-T2  h  ,'4  radars  Is 
due  to  be  frozen  (along  vith  the  design  of  tbs  rest  of  X1A-X1B  systems) 
an  about  1  September  1958.  Several  long  lead  time  components  of  the 
systems  such  as  antenna  and  indicator  require  an  early  start  to  insure 
delivery  of  satisfactory  hardware.  This  report  deals  principally  with 
the  antenna.  The  Important  subject  of  indicator  requirements  has  been, 
and  Is  being  dealt  vlth  separately. 


2.  Studies  leading  to  the  design  requirements  for  system  components, 
such  as  an  antenna,  are  being  conducted  by  both  contractor  and  Navy 
activities.  The  contractor  study  vhich  officially  govern*  design  re¬ 
quirements  will  have  an  Initial  output  by  about  1  January  1958.  Because 
of  the  long  lead  time  It  Is  necessary  to  estimate  the  design  require¬ 
ments  for  the  antenna  now  so  that  detailed  design  work  may  proceed  on 
schedule.  Preliminary  results  of  the  HRL-Westinghouse  study  are  used 
as  a  background  for  the  tentative  specifications  which  follow. 


3.  Estimates  of  the  limiting  technical  requirements  for  X1A-X1B  antenna 
together  with  comments  an  each  Item  as  necessary  were  generated  by  URL 
and  Vestlnghousa  engineers  on  16  October  1957 *  The  requirements  are 
broken  Into  six  parts,  namely  search,  conversion,  tracking,  structure, 
environment,  and  rf . 

SEARCH 

Usable  glmbal  limits:  -+  60° 

Antenna  diameter  30" 


Comment:  Studies  indicate  that  the  problem  to  be  solved  Is  sensi¬ 
tive  to  range  Improvement  of  up  to  8  miles  and  to  glmbal  limits  beyond 
-  67°.  Present  improvement  programs  (not  Including  antenna  sice)  are 
designed  to  give  such  an  inqprovement .  However,  there  Is  no  way,  at 
present,  to  guarantee  the  outcome  of  these  changes.  It  therefore 
becomes  practical  to  consider  specifying  that  approximately  half  of 
the  desired  improvement  will  occur  due  to  a  change  in  antenna  size. 


ENCLOSURE  3 
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A  number  diversive  efforts  are  under  way  to  change  the  design  of 
the  fire  control  system  outside  the  structure  of  contracted  for  re¬ 
sponsibility.  Sine*  a  certain  amount  of  planning  ha a  occurred  to 


pruvj-ue  urau  i>  Duiuct  jjrtsts  wtii.cu  lUiij  vu^iyut  t  a  jtu(it;r  niiieiuia,  ms 
fi^e  coot  i. '  v  antractor  should  consider  the  use  of  such  sizes  as  sure 
,j  >ropris-te  to  furnishing  a  four  mile  range  improvement  for  r.  single 
ait  .inn.-*  iecigr  which  vi.ll  fit  in  both  aircraft.  A  30-  inch  diameter 


_ _ _  4-  M  ~ _  4  -Jk.. 

au^tiai  i»  uv/  outioiji 


A..~J  «  x  .*..4aa 
UU1  111^  UOOl^ii  y 


that  a  fur; her  change  In  «.ize  wi  ll  ease  the  difficult  task  of  supa  ly¬ 
ing  the  .targe  gimuil  limit  ••equ.lresseirt ,  such  a  change  is  recommended. 
The  fire  contr.il  problem  solution  is  more  sensitive  to  global  anglr 
limit  than  to  Increased  antenrs  diameter. 


’can  axes : 


310t12 


o 


iomme  :  F  -'V  ual  inde  oendor.  i  studies  support  these  figures  as 
being  ovcimum  for  D'iiflTE 


T~  -line  •  seconds 

CoBiaent:  Opti;  m  in  lies  ’.c tween  1  and  4  seconds. 

Slew  velocity;  60"/aec 

Comment:  This  figure  is  a  direct  result  of  the  choice  of  frame 
time  if  a  four  bar  scan  1b  used. 

Error  in  following  a  stabilized  search  program:  less  than  1° 

Comment:  This  is  a  reasonable  design  criteria  which  results  in 
limiting  aircraft  maneuvers  during  search  to  those  of  a  load  factor 
of  3  or  less. 

Maximum  roll  angle:  -  90° 

Ho  comment 

Maximum  roll  rate:  15°/ sec 

Comment:  This  is  difficult  to  estimate  for  the  search  phase.  The 
figure  quoted  is  from  instrumented  FhD  attack  phase  runs. 
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Maximum  pitch  rate:  as  result lag  from  a  load  factor  of  2 

maneuver  at  crulae  velocity. 


Aircraft  resonances  which  affect  stabilisation  design: 

pitch,  2-12  rad/sec 
yaw  ,  2-5  rad/sec 


CC«*RSIG!!  (Weak  signal 


X. - ^1.4  — .  —  \ 

wiaCA.iil^  / 


Stabilization  design:  as  La  SEARCH  above.  Additionally  the 
effects  of  own  ships  motion  must  he  reduced  by  a  factor  of 
10  in  the  band  below  10  radian*  per  second. 

Consent;  This  criteria  has  been  satisfactory  in  the  PhD  In  the 
past.  Lack  of  such  a  criteria  is  the  reason  why  conversion  and  lock- 
on  must  be  delayed  In  the  F3H  system. 


Design  limits  of  rate  of  change  of  line  of  sight:  rates 
between  0.1°/sec  and  10°/sec  must  be  resolvable  from  noise 
at  point  ox'  use  in  the  system. 


No  comment. 

Usable  gimnal  limits:  -  60° 

Comment:  Until  initial  errors  are  corrected  a  large  glmbal 
angle  limit  requirement  still  exists. 

TRACK 


Usable  gimbal  limits:  -  60° 

Comment:  No  change  in  mechanical  design  is  required  from  that  used 
for  SEARCH.  However,  it  does  not  appear  necessary  to  extract  measured 
lead  angle  as  a  linear  function  beyond  ?  by  limits. 

Stabilization:  Design  must  reduce  the  effects  of  own  ship's 
motion  by  a  factor  of  10  in  the  band  below  10  radians  per  second. 

Comment:  Comments  as  before  apply.  Additionally,  the  antenna 
design  bandwidth  is  controlled  by  the  stabilization  bandvldth.  Track¬ 
ing  bandwidth  requirements  are  less  severe. 
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Post  launch  load  factor:  a  design  11  Jilt  of  4  appears  reasonable 
during  which  maneuver  the  line  of  sight  error  must  he  less  than  3° 

Comment :  This  requirement  appears  to  satisfy  the  need  for  post 
launch  Illumination  for  guidance. 

emooruRs 

Bo  structural  resonances  which  increase  gain  above  the  contour 
p  *  (^^)2  should  be  allowed. 

Cement:  Primary  resonances  In  the  structure  must  be  maintained 
at  frequencies  above  300  rad/sec  under  all  envlrcruuntal  conditions 
to  avoid  instability  from  this  cause.  If  the  airframe  supporting  struc¬ 
ture  does  not  permit  meeting  this  design  requirement,  mechanical  filter 
networks  in  the  form  of  vibration  isolators  should  be  used  to  mount  the 
antenna. 

nvntamcNT 

Ships  environment :  no  major  fatigue  failures  in  5  years . 

Aircraft  environment :  no  major  fatigue  failures  in  5  years. 
Storage  life:  5  years. 

Consent:  These  specifications  are  the  result  of  the  5  year  life  of 
the  weapon  system  epelled  out  in  the  Operational  Requirements.  They 
result  in  the  following  detailed  requirements. 

8hock:  Must  withstand  60g  to  60g  repeated  loads  of  11  milli¬ 
second  duration  while  operating. 

Vibration:  Must  withstand  .036  inch  inputs  in  the  band  10  to 
100  cps  while  operating.  Resonances  in  the  band 
10  to  1000  cps  must  be  of  amplification  factor  leas 
than  three  to  result  in  long  fatigue  life. 

Temperature  and  humidity :  MIL  E-S400A 

Altitude:  0  to  65,000  feet 


2k 
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Comment :  Dti  *  con.nidera.tlon  oust  be  made  of  the  fact  that  operation 
at  extreme  altitude  Llmito  ie  >r  very  short  Mm 'B  (pertiaps  30  minutes 
total  time  at  65,000  fret  in  a  five  year  per .  ou ) .  A  res a enable  criteria 
mujit  he  established  fee  failure  at  altitude. 


Miasicj'  profile:  The  training  profile  Is  more  severe  than  the 
combat  profile  and  will  involve  2  flights  per  day,  2  days  out  cf  3- 
Each  flight  will  Involve  5  converslonn  from  search  to  track  Including 

a  <  »iu+  a  a  viiX  be  i  n  t,h*  t  x  hsck5€ 


tittle  of  the  profile  will  be  at  either  extreme  of  altitude,  35,000  feet 
being  likely. 


R.r. 


Bandwidth:  As  specified  by  study  of  frequency  separations  re¬ 
quired  to  avoid  mutual  interference.  The  otudy  should  be  completed 
immediately .  This  approach  automatically  gives  all  the  frequency 
diversity  countermeasures  protection  needed. 

Polarization:  Primary  mode,  vertical;  secondary  mode,  In 
weather,  circular. 

Comment:  Serious  doubt  still  exists  that  circular  polarization  will 
contribute  anything  unless  the  radome  design  is  made  to  reduce  depolariz¬ 
ing  effects .  Automatic  circuitry  must  be  designed  loto  the  rest  of  the 
system  to  make  use  of  the  secondary  mods,  otherwise  benefits  to  be  gained 
may  be  cancelled  by  losses  attributable  to  pilot  ludgniert  sod  attention 
factors . 


Borrsight  shift:  1.5  ails  rme  including  rrderne.  Ho  deBiiDill^- 
ing  effects  of  bores ight  shift  can  be  tolerated. 


Harmonic  distortion  of  scan  frequency:  .A  tolerance  1> ''el  must 
be  set  in  view  of  various  proposals  for  the  use  of  noucirculsj:  ijshec 
and  aircraft  structure  interferences. 


k.  All  of  tne  above  estimated  ro.ju.ir‘'"’*r>ts  are  to  be  viewed  uj  com¬ 
bined  specifications  for  aircraft,  radome,  and  antenna.. 

^Laurence  F.  Gilchrist 


jTJt, , 
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INTRODUCTION 


The  Bureau  of  Aeronautics  has  contracted  with  Westinghouse,  Air  Arm 
Division,  f*OI*  snilyticsi  ssz*vicss  "to  uApfl  Ijrc  «  R+.urlv  +.  n  p*r+.aVi  "H  nh 
the  tactical  use  capability  of  the  F4H  J  and  I~8U - 3  Weapon  Systems.  This 
study  is  conducted  under  the  technical  direction  of  the  Naval  Research 
Laboratory  with  all  inputs  derived  from  Navy  sources.  Westinghouse, 
using  these  inputs,  vill  submit  analytical  results  to  the  Navy.  Recom¬ 
mendations  and  conclusions  to  be  drawn  from  analytical  results  are 
assumed  to  be  a  Navy  responsibility  and  in  particular  the  responsibility 
oi"  the  technical  directors  (NRL) .  This  report,  is  the  first  in  a  series 
directed  toward  carrying  out  thi3  responsible Lty . 

The  data  presented  herein  is  only  partially  complete.  There  are 
many  areas  where  much  work  remains  to  be  done.  Nevertheless,  it  is 
important  to  present  the  study  material  at  this  time  for  several  res boos. 
Among  these  are;  (l)  to  indicate  the  scope  of  work  accomplished  and  work 
remaining  to  be  done,  (2)  to  provide  gu'de  lines  useful  now  to  the 
Bureau  of  Aeronautics  in  their  airrctioi  of  contractor  study  efforts, 

(V;  to  provide  timely  information  that  will  assist  the  Bureau  in  making 
decisions  on  hardware  development. 

This  memorandum  is  intended  primarily  for  Bureau  information-  It 
1b  realized  that  the  material  present'd,  in  some  cas ss,  is  incomplete 
(work  still  underway  in  many  areas)  '  _id  probably  should  not  be  released 
to  contractors  at  the  present  time.  Except  for  government  activities, 
all  distribution  will  be  handled  through  the  Bureau  channels. 

STUD!  PROCEDURE 

Table  I  is  au  outline  of  the  Navy's  Air-to-Air  Missile  Study  Program. 
As  originally  planned  the  outline  was  intended  to  be  a  general  .guide 
having  flexible  elements  in  order  that  additionally  needed  study  areas, 
which  developed  as  the  study  progressed,  could  be  included  if  desired. 

A  second  investigation,  considered  separate  for  contractual  reasons, 
was  planned  to  be  essentially  a  repeat  of  Phases  I  to  V  of  the  basic  study 
but  for  the  Sparrow  II  missile.  Postponement  of  the  Sparrow  II  study 
and  oi  Phase  VIII  of  Table  I  Is  presently  planned  in  order  that  more 
pressing  problems,  which  have  come  up  as  a  result  of  study  to  date,  can 
be  investigated. 

For  purposes  of  pursuing  this  study  on  a  working  basis,  a  framework 
of  'ix  psxte  has  been  constructed  against  which  the  performance  of  each 
system  combination  is  to  be  analyzed.  This  framework  t3  as  follows. 
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Part  1:  Development  of  effective  theoretical  co-altltude 
attack  zones  under  ideal  conditions. 

Part  2:  Development  of  effective  theoretical  non  co-altitude 
attack  zones  under  ideal  conditions. 

Firt  3:  Development  of  effective  theoretical  attack  zones 
in  the  presence  of  the  degradation  of  expected 
tactical  conditions. 

Part  U;  Repeat  Part  3  for  possible  improvements  to  the  system 
which  are  being  considered  by  the  Navy. 

Part  5:  Study  to  determine  and  assess  realizable  improvements. 

Part  6:  Study  of  infrared  (IR)  tie-in  for  AI  fire  control 
systems . 

The  material  presented  in  this  report  is  grouped  to  fit  this  framework. 

P'fH-1  and  F0U-3  WEAPON  SYSTEMS  PERFORMANCE  UNDER  IDEAL  CONDITIONS  -  INPUT  DATA 

The  performance  of  the  system  under  "ideal"  conditions  will  indicate 
a  tactical  capability  representative  of  the  best  that  can  be  achieved  with 
high  probability.  As  is  evident  from  the  outline  of  Table  I,  several  para- 
•  meters  are  assumed  to  be  without  error.  Perfect  vectoring  against  a  non- 

maneuvering  target  is  assumed  for  example.  In  addition  the  effects  of 
weather,  clutter,  and  CM  are  not  considered.  However,  the  word  "ideal" 
os  used  here  should  be  read  In  a  limited  sense  since  the  performance  of 
the  weapons  system  sub-elements  is  defined  by  realizable  rather  than 
"infinite"  quantities. 

Radar  Analyses 

All  detection  ranges  given  for  the  AI  radar  in  this  study  were 
obtained  by  scaling  test  results  from  NATC,  Patuxent.  Figure  1  gives 
probability  of  detection  versus  range  curves  for  the  AN/APQ-50  radar 
against  an  F2H-2  target  at  an  altitude  of  30 >000  feet.  The  first  models 
of  the  AN/APQ-72  and  AN/APQ-7^  radars  will  have  essentially  the  same  per¬ 
formance  as  the  AN/APQ-50  (if  not  degraded  by  added  complexity  of  extran¬ 
eous  system  functions  found  in  the  original  concept  of  the  weapon  system. 

This  curve  was  originally  obtained  from  Reference  (l  'i  and  was  taken  from 
Reference  (2)  for  inclusion  in  this  report.  The  probability  of  detection 
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TABLE  I 


PHASE  I 


OUTLINE  OF  NAVY  AIR-TO-AIR  MISSILE  SYSTEM  STUDY  PROGRAM 


System  Performance  Under  Ideal  Conditions 


ft*  ftxx'crcu  i*  oharacterlstics 

1.  Fl'H-1 

2.  FUJ-3 

B.  Altitudes  (co-altitude  case) 

1.  1000  feet  or  less 

2.  30,000  feet 

3-  50,000  feet 


C. 


Interceptor  Velocity  - 

1.  F4H  at.  altitude  (V 

2.  F&t-3  at  altitude  1 


&  V  ,  ) 

ix  cruise' 

r  io  v  .  x 

max  cruise) 


D.  Target  to  Interceptor  speed  ratio  for  interceptor  at 

1.  0.45) 

2.  0.8  [Some  cases  may  be  trivial  and  will  not  be  used 

3.  1.0  ) 


Target  speed  resulting  from  above  vill  be  used  for  interceptor 
at  V 

cruise 


E.  Conditions  - 

1.  Perfect  vectoring 

2.  Straight  line  flight  path 

3.  Current  AI  detection  capability 

4.  B-47  size  target 

5.  Preparation  time  -  Two  cases  determined  by  study 

6.  Sparrow  ill  -  Capability  of  current  seeker  is  to  be 
used. 

7-  Sparrow  III  -  Aerodynamic  capability  of  current  missile 
is  to  be  used. 

8.  Gimbal  angle  limits  in  F4H  and  F8U-3  aircraft  - 

a.  AFQ-72 

b.  Seeker 
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9-  Illumination  considers*  ion  -  Geometry  of 

keeping  both  target  an>  missile  illuminated. 
Illumination  requireme'  tB  to  be  determined 
by  study. 

PHASE  II  lyotem  Snap-up  Performance  Under  Ideal  Conditions 

A.  A,  C,  D,  and  IS  -  same  as  Phase  I 

B.  Altitudes  (snap-up  case) 

1.  Target 

a.  30,000  feet 

b.  50,000  feet 

c.  65,000  feet 

2.  Interceptor  Altitude  -  To  be  determined  by 
study  of  system  capability. 

PHASE  III  System  Performance  Under  Expected  Tactical  Conditions 

A .  Target  maneuver 

B.  Vectoring  accuracy 

C .  Weather 

D.  Limits  imposed  by  interceptor  tac.ti 

1.  Climb  capability 

2.  Endurance 

3.  Dead  time 

E.  Countermeasures 

1.  Airborne  weapons  system 

PHASE  IV  System  Performance  Under  Expected  Tactical  Conditions 
With  Addition  of  Currently  Proposed  Improvements 

A.  Improvements  proposed: 

1.  Search  volune  optimi.  ation 
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2.  Triangle  system  vectoring 
3*  Automatic  alarm 

4.  Improved  receiver  noise  figure 

5.  Back-bl  ased  range  and  display  IF  amplifier  with  broadband 
switching 

6.  Gated  narrowband  angle  track  17  amplifier  (home  on  Jam) 

7.  Bright  display 

8.  Provision  for  switching  polarization  (circular  and 
vertical) 

9.  Broad  banding  of  the  plumbing 

10.  Jittered  PRF 

11.  Antenna  with  high  altitude  feed 

12.  Improved  two -speed  AFC 

13.  Relocation  of  CW  injection  plumbing  to  increase  gimbal 
angle  in  elevation 

14.  Non-saturating  AGC 

PHASE  V  Study  to  determine  and  assess  realizable  system  improvements  - 
A.  AI  Radar 
P.  Missile 

C.  Vectoring 

D.  Tactics 

PHASE  VI  Study  of  IR  tie-in  with  the  fire-control  system 
PHASE  VII  Performance  capability  of  Sparrow  III  with  an  IR  seeker 
PHA3EVIH  Sparrow  III  X  performance  capability 

PHASE  IX  Repeat  study  Ptuases  I  through  Phase  VI  for  the  Sidewinder 
1-B  and  1-C 
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curve  for  the  combined  head-on  and  tail-on  runs  was  used.  This  contour 
was  then  scaled  to  a  B-47  size  target  for  the  speed  and  altitude  condi¬ 
tions  of  interest  using  the  method  detailed  in  Reference  3* 


Figure  2  gives  a  normalized  radar  reflective  area  curve.  The  scal¬ 
ing  ratio  used  in  going  from  Patuxent  data  to  the  B-47  size  target  was 
5.3/1.  The  resulting  detection  range  contours  used  are  for  85$  cumula¬ 
tive  probability  of  detection  against  the  B-47  size  target.  All  contours 
were  obtained  using  a  10  db  field  degradation  (expected  degradation 
between  Patuxent  usage  and  fleet  usage).  To  date  this  degradation  factor 
appears  to  be  optimistic.  However,  it  is  believed  that  10  db  can  be 
approached  during  the  use  period  of  this  equipment. 


In  developing  the  detection  range  contours  the  following  parameters 
for  the  AN/APQ-72  and  AN/APQ-74  radars  were  uBed. 


Peak  Power 
Dish  Size 
NoiBe  Figure 
Receiver  Bandwidth 
Search  Area 
Frame  Time 
Scanning  Rate 
Puloewidth 
PRF 


200  kw 
24" 


10.5  db 
4  mcps 

90°x8.5°  (spec  value 


2  seconds 
100  deg/sec 
1.75  usee 


to  antenna  beam  center 
as  not  restricted  by  CW  injection) 


550  pps 


In  addition  to  the  above  parameters,  the  following  radar  parameters 
were  used  in  development  of  attack  zones  which  will  be  described  later. 


Time  from  detection  to  lock -on:  10  seconds 

Gimbal  angle  limits  of  current  APQ-72  &  74-  -  4l°  az. 


+  47 
-  38 


o 

o  el. 


Figures  3-6  give  the  85$  cumulative  probability  of  detection  ranges 
versus  aspect  angle  for  a  B-47  size  target  for  the  altitude  and  speed 
conditions  listed  in  Table  2.  These  curves  were  obtained  from  Reference  2. 
In  addition,  Fig.  7  gives  85$  cumulative  probability  of  detection  ranges 
versus  aspect  angle  for  a  B-47  target  at  low  altitude.  These  latte*.' 
curves  are  based  upon  theoretical  calculations  and  will  be  modified  when 
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RATC,  Patuxent  test  data  is  made  available.  For  this  reason,  work  on 
the  1000  ft.  altitude  cases  of  Table  2  has  not  yet  been  initiated. 

Aircraft  Analyses 

To  date  only  the  FhH-l  aircraft  has  been  included  in  the  analy¬ 
sis.  Performance  data  on  Ins  FuU-3  have  become  available  recently  and 
will  be  included  in  future  analyses.  The  memoranda  of  Appendices  I,  II, 
III,  IV  of  Volume  II  of  this  report  describe  the  model  aircraft  (FhH-l) 
used  throughout  the  work  detailed  in  the  remainder  of  thia  report.  The 
material  of  these  memoranda  was  obtained  from  voluminous  McDonnell  Air¬ 
craft  Company  data,  has  been  reviewed  by  McDonnell,  and  is  stated  by 
them  to  be  representative  of  the  aircraft  to  be  used  in  the  weapon  system. 

Missile  Analyses 

The  lateral  and  longitudinal  equations  describing  the  8parrow  III 
missile  trajectory  in  space  during  a  coplanar  attack  we  given  in  Appen¬ 
dix  V  of  Volume  II  of  this  report.  Much  additional  data  describing  the 
performance  of  Sparrow  III  has  been  obtained  from  Raytheon.  Some  of 
this  is  included  and  given  hy  Figs.  8  to  14. 

The  interlock  equations  describing  maximum  and  minimum  aero¬ 
dynamic  ranges  used  in  this  study  are  as  follows: 

<W  -  Rl(h)  +  T1  <Tc  -V  -  UMt'd  *°  6-5  "-”1' 

T.,  «  11  sec  when  V  V_ 

.1  c  f 

Ti3f(h)  wh^vc<vf 

R1  “  f(h) 

Rmin  ”  R2(hJ  +  T2Vc 

*2  =  f(h) 

Tg  -  3-3  sec 

T^,  R^,  and  Kg  as  a  function  of  altitude  are  given  in  Fig.  15. 
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Figure  16  gives  the  lock-on  range  performance  of  the  current  Sparrow 
III  seeker.  This  curve  was  obtained  by  scaling  from  data  received  from 

HA3STC «  Pt  .  ifclilU  +  ■■  2  B-47  +  nirrof  nPViln  ar*»  1  *  n,:r  vaa  H rm*-  qt.r^ 

on  a  reflective  area  tasla;  no  velocity  effects  were  considered.  The 
basic  range  quantity  from  which  the  curve  was  obtained  was  a  measured 
90)t  probability  of  lock-on  at  3.3  n.ml.  In  the  head-on  aspect  against  an 
F2H  targe1  .  The  contour  given  by  Fig,  1 f\  represents  the  computed  QO^> 
probability  of  lock-on  lcr  the  seeker  against  the  B-47  size  target. 

The  precedlhg  sections  list,  some  of  the  pertinent  input  data  to  this 
study  program.  Additional  data  may  be  found  In  Reference  4. 

PHASE  I  -  3YST.3F  PERFORMANCE  UNDER  IDEAL  CONDITIONS  -  HORIZONTAL  ATTACKS 

Following  tht  format  previously  described,  the  first  case  to  be  inves¬ 
tigated  is  that  op  the  horizontal  attack  under  "ideal"  conditions. 

Figure  17  gives  a  pictorial  representation  of  this  ideal  situation.  The 
target  Is  assumed  to  be  nonmaneuvering  under  attack  during  fair  weather. 
The  interceptor  is  assumed  to  start  on  a  perfectly  vectored  lead  pursuit 
course.  Using  the  preceding  input  data,  the  effective  attack  zones  for 
the  f4E-1  Weapon  System  have  been  developed. 

Attack  Zones 


The  conditions  listed  on  Table  I  describe  the  speed  and  altitude 
cases  of  interest.  Figure  18  shows  the  cources  flown  by  the  interceptor 
during  a  particular  situation.  Along  these  courses  the  interceptor  head¬ 
ing  is  shown  by  vectors .  The  curve  overlays  of  the  figures  to  follow  are 
only  partially  complete.  The  remaining  work  to  be  done  will  be  described 
in  a  later  section. 

Figures  lv'-24  rive  polar  plots  of  the  effective  attack  zones  for 
the  F4l’-1  Weapon  Syutera  under  "ideal"  conditions.  For  these  examples  the 
ini  creepier  was  assumed  to  be  flying  at  V  at  altitudes  of  30,000  and 
50,,  V)  f’eet  with  target  to  interceptor  spH&S  ratios  of  1.0,  0.8,  and  0.45 
The  Interceptor  is  placed  on  a  perfectly  vectored  lead  pursuit  course. 

The  arget  is  flying  a  straight  line  course  as  indicated  by  the  arrow  on 
the  base  line  of  the  plots.  For  this  phase  of  the  study,  the  character¬ 
istics  of  the  F4H-1  aircraft,  were  programmed  on  an  IBM  704  computer. 

The  courses  shown  on  the  overlays  actually  represent  the  performance 
capability  of  this  aircraft. 
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The  contours  dec  riblng  the  effective  attack  zones  are  curve  A 
(8?$  probability  of  AI  detection  range),  curve  B  (AT  lock-on  range), 
curve  C  (Sparrow  III  maximum  aerodynamic  range),  curve  D  (Sparrow  III 

_ i  ..4 A  A  T7»  1  J  1  M  .  T  1 

uii.uxtuuni  ws.a  vuj  uiwiia u-  aoui^v;  /  |  1-  h_l  v  t.  u  ytuiio  uoni/  xuuu  j-wh  -i.  —  *—  y  .)  }  ) 

curve  F  (90)6  probability  of  Sparrow  III  seeker  lock-on  range),  and 
curve  G  (6.5  n.mi.  range).  It  is  assumed  that  10  seconds  is  consumed 
between  AI  detection  and  lock-on.  It  iE  believed  that  even  for  the 
** l^an i 11  i»a oa  ^  10  seconds  slspssd  time  is  rs^ulrod  i*027  ti ty 

of  lock-on.  The  maximum  and  minimum  aerodynamic  contours  sire  those  re- 
culting  from  the  interlock  equations  as  defined  by  Raytheon. 

The  effective  attack  zones  as  given  on  these  polar  plots  are 
those  bounded  by  the  heavy  Hue.  The  resulting  complex  contour  is  one 
made  up  of  segments  of  the  other  curve  overlays.  For  example,  in  Fig.  19 
the  attack  zone  is  bounded  by  seeker  lock  on  capability  :’rom  nose-on 
around  to  approximately  70°  off  the  nose.  From  this  poin  around  to 
tail-on  the  limiting  parameter  is  the  maximum  aerodynamic  range  of  the 
Sparrow  III.  The  inner  boundary  curve  is  that  generated  by  the  minimum 
aerodynamic  range  froijj  nose  on  to  approximately  40  off  the  nose;  load 
factor  loci  3  from  40  off  the  nose  to  10  off  the  tail,  and  minimum 
aerodynamic  range  around  to  tail-on.  It  is  important  to  note  that  even 
for  the  perfect  situation,  tine  plays  a  major  role  in  the  use  of  this 
system  in  a  forward  hemisphere  attack.  In  these  overlays  only  10  seconds 
elapses  between  AI  detection  and  lock-on.  Since  this  is  an  idealized 
case,  the  missile  could  be  launched  at  this  time.  It  is  obvious  that 
when  additional  time  1b  added  because  of  system  errors  that  exist  at 
AI  lock-on,  the  reduction  in  forward  hemisphere  capability  can  be  great. 
For  example,  if  10  seconds  Is  required  to  settle  out  errors  at  AI  lock- 
on  a  large  portion  of  the  forward  hemisphere  attack  zone  will  be  wiped 
out.  This  will  be  discussed  In  more  detail  in  later  phases  of  the 
study. 


In  one  sense  this  type  of  curve  overlay  can  be  misleading.  For 
example,  Fig.  19  implies  around-the-clock  capability.  This  Is  true  or 
not  depending  upon  one's  definition.  If  by  around-the-clock  capability 
it  is  meant  that  attacks  may  terminate  successfully  at  any  clock  aspect 
then  Fig.  19  indicates  around-the-clock  capability.  However,  it  is 
important  to  note  that  the  limiting  approach  aspect  is  approximately 
frP  off  the  target's  nose.  For  this  67  case  the  interceptor  is  just 
barely  able  to  come  into  the  maximum  interlock  range  for  the  missile. 
For  aspect  angles  greater  than  67  the  interceptor  would  ra\]  behind 
due  to  lack  of  a  speed  advantage . 
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Figure  20  gives  s  polar  plot  of  the  case  of  an  attack  occurring 
at  feet  altitude.  The  interceptor  is  flying  at  V  ,  and  has  a 

speed  advantage  (Y^/V^,  =  0.8).  For  this  case  (under  the  assumed  "ideal" 
conditions)  the  system  does  have  around-the-clock  capability.  Attacks 
initiated  at  any  aspect  angle  with  respect  to  the  target  can  be  converted 
into  a  successful  run.  However,  for  attacks  occurring  aft  of  the  beam, 
target  penetration  distance  will  be  an  important  consideration.  Due  to 
the  low  roeed  advantage,  considerable  time  can  elapse  between  initiation 
of  an  attack  and  conversion  to  a  successful  launch.  This  is  especially 
true  if  the  attack  is  started  at  long  range.  For  example,  attacks  started 
at  the  AI  detection  range,  and  60°  off  the  tail,  approximately  28  n.mi, 
penetration  distance  results.  An  obvious  indication  is  that  CIC,  for 
attacks  aft  of  the  beam,  should  attempt  to  vector  the  interceptor  to  a 
point  as  close  to  the  maximum  interlock  range  as  possible. 

The  attack  zone  of  Fig.  20  is  that  bounded  by  the  same  limits  as 
those  of  Fig.  19.  It  is  important  to  note  that  preparation  time  (assumed 
to  be  only  10  seconds  for  this  c f- ■:.<*)  plays  a  lesB  important  role  in  de¬ 
termining  the  effective  attack  zone  as  the  relative  closure  rate  is 
reduced.  Also,  the  limit  imposed  by  maximum  load  factor  is  reduced  as 
closure  rate  is  reduced. 

Figure  21  is  a  polar  plot  o’  an  attack  case  occurring  at  30,000 
feet.  Again  the  interceptor  is  flying  at  V  but  has  an  increased  speed 
advantage  (V_/V„  =  0.45).  As  for  the  case  of^Flg.  18,  around -the -clock 
capability  exists  for  this  situation.  The  effective  attack  zone  is  no 
longer  limited  by  the  maximum  load  factor  contour.  The  inner  limit  is  now 
solely  that  imposed  by  the  minimum  aerodynamic  range  of  the  misBile. 

Comparison  of  the  three  polar  plots  illustrate  several  very 
important  factors. 

(1)  Even  under  "ideal"  conditions,  high  speed  engagements  result 
in  marginal  forward  hemisphere  capability.  As  additional  time  is  added 
to  account  for  event  that  must  occur  under  tactical  conditions  this 
marginal  forward  hemisphere  capability  is  wiped  out. 

(2)  As  the  relative  closure  rate  is  reduced  the  effects  of  time 
on  forward  hemisphere  attacks  is  reuuceu.  nils  rtjBuits  ires  increased 
AI  detection  range  and  the  lesser  distance  traversed  during  the  10  sec¬ 
onds  from  Al  detection  to  AI  lock-on. 
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The  polar  plots  of  Figs.  22,  23,  and  24  are  similar  ■  ohe  -t  rcviously 
described  three  figures.  However,  the  attack  nov  occurs  at  SO,f  r0  feet. 

The  interceptor  is  flying  at  V  (1940  fps)  and  the  three  f  .rare 3  show 

_  .  .  rnA.)  1  >«.  , 

tne  resulting  attack  zones  for  V^/V^  a  1.0,  u.ts,  and  0.43.  Toe  resulting 
limiting  parameters  are  essentia  ly  the  same  as  those  previotslj  described. 
There  is  one  majo:  difference  in  he  attack  zones.  In  the  e  wa  'd  hemi¬ 
sphere  the  minimum  aerodynamic  raj  ^e  of  the  missile  has  been  pushed  out 
resulting  in  a  very  narrow  use  zor  ■,  This  results  from  the  interlock 
mechanization  employed  and  the  reduce  d  response  of  the  missile  at  high 
altitudes.  The  interlock  equation  for  minimum  areodynartic  range  is 

Rmin  =  R2(h)  +  T2Vc 

R2  =  f(h) 

From  Fig.  15  it  is  seen  that  going  from  30,000  feet  altitu  Le  to 

50,000  feet  changes  R_  from  4000  feet  to  8000  feet.  Since  1’  V  remains 

d  d  0 

approximately  the  same  for  the  cases  shown  in  Figs.  19  and  22,  there 

should  he  an  increase  of  approximately  4000  feet  in  the  minimum  range. 

Comparing  these  figures  it  is  seen  that  \,his  is  the  case. 

In  addition  to  the  attack  zones  described  above,  much  additional  valu¬ 
able  information  relating  to  parameter  variation  can  be  obtained  from  the 
computer  generated  courses.  For  example,  the  variation  in  gimbal  angle 
is  the  attack  progresses  is  of  extreme  importance  to  the  fire  control 
designer.  Knowledge  of  the  antenna  tracking  rates  is  also  very  import au 
Figures  19a  through  24k  are  plots  of  some  of  the  more  important  parameter: . 
On  these  plots  the  parameters  are  defined  as  follows. 

=  lead  angle  in  azimuth 

=  lead  angle  in  elevation 

X  =  total  lead  angle  in  the  plane  of  action 

y  -  angle  between  target  velocity  vector  and  the  line  of  signt 

measured  from  the  nose  of  the  target 

4>  =  angle  between  the  target,  velocity  vector  and  the  inter¬ 

ceptor  velocity  vector  measured  from  the  nose  of  the  target 

ci.  «  angular  rate  of  the  line  of  sig.it  in  the  elevation  plane 
J  of  the  antenna  system 
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cj/k  =  angular  rate  of  the  line  of  sight  in  the  azimuth  plane 
of  the  antenna  system 

t ./w  —  load  factor 

*  -  roll  angle 

»  speed  of  the  interceptor 

a  a  angle  of  attack 

The  parameter  plots  in  Fig.  19a  through  19k  cosne  from  the  30, COO 
feet  altitude  case  shown  in  polar  form  on  Fig.  19 .  The  plots  on  these 
figures  correspond  to  the  approach  courses  of  the  polar  plot  and  are 
designated  by'Tj  .  On  these  courses  A,  B.  C,  and  D  correspond  to  the 
maximum  aerodynamic  range  of  the  missile  (Rmax),  the  minimum  aerodynamic 
range  of  the  missile  (Bmin)>  load  factor  L/w  =  3,  and  impact  point  for 
missile  fired  at  Rain  respectively.  Figure  19a  gives  plots  of  Xg,  versus 
range.  For  the  cases  of  "To  -  90°  and  120°  the  points  A  and  B  never 
appear  on  the  curve  .  Referring  hack  to  Fig.  19,  it  is  seen  that  this 
is  as  it  should  he  a? ice  the  interceptor  was  never  able  to  close  to  the 
maximum  aerodynamic  range  of  the  Missile.  For  the  case  of  =  60°  the 
interceptor  uas  able  to  convert  to  a  successful  attack.  However,  as 
shown  on  this  plot  he  was  never  able  to  close  to  Rmii. .  The  3g  load  factor 
boundary  was  passed  through  twice.  For  this  caBe  the  azimuth  lead  angle 
varies  from  -27°  at  detection  to  -13°  at  the  point  where  the  3g  boundary 
was  first  encountered.  For  the  case  of  =  30°,  the  3g  boundary  wes 
encountered  before  Rajin  was  reached.  For  this  case  the  azimuth  lead 
angle  varied  from  -1{>  ut  detection  to  -8.5°  at  the  point  where  the  3g 
boundary  was  encountered. 

Figure  19b  gives  plots  of  elevation  lead  angle  (Xe)  versus  range. 

A£  shown  In  Fig.  19,  the  cases  for”Tj  =  30°  and  60°  were  the  only  ones 
examined  which  could  be  converted.  For  the  case  of =  30°  the  eleva¬ 
tion  giabal  angle  varied  from  -6°  at  AI  detection  to  -23°  at  Rmin*  For 
the  case  of  T©  »  60°  the  elevation  girabel  angle  varied  from  -15s  at 
detection  to  -35°  at  the  point  where  the  3g  contour  was  encountered.  It 
is  extremely  important  to  note  that  for  this  case  and  succeeding  high 
eoeed  cases  (under  "ideal"  conditions)  the  elevation  lead  angle  required 
approaches  the  gimbal  angle  limits  of  the  current  system  (+47°,  -3o° 
elevation'1  This  situation  will  get  worse  as  one  deviates  from  the  per¬ 
fectly  vectored  situation  to  one  representative  of  the  tactical  situation. 
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Total  lead  angle  (X)  versus  range  is  plotted  on  Fig.  19c.  These 
curves  show  the  combined  effects  of  Fig.  19a  and  19b.  Figure  19d  gives 
the  angle  off  the  target's  nose  (T)  as  a  function  of  range  for  the 
various  approach  courses .  Figure  lQe  shows  the  heading  angle  (  }  ver¬ 

sus  range. 

Of  particular  interest  to  the  AI  radar  and  fire  control  system  de- 
.ipnere  are  the  antenna  rates  involved  Jr.  the  solution  of  the  tactica: 
problem.  The  azimuth  antenna  rate  (ao^ )  versus  runge  is  shown  on  Pig.  19f 
for  the  courses  generated  on  the  polar  pJot  of  Fig.  19.  For  the  case 
of  Tc  -  30°  the  azimuth  antenna  rate  varies  from  0.27  deg/sec  at  AI  de¬ 
tection  to  0.7  '’eg/sec  at  the  point  where  the  3s  contour  is  encountered. 
For  the  case  of  ~t9  =  60°  the  azimvth  antenna  rate  varies  from  0.43  deg/ 
sec  at  AI  detection  to  1.38  deg/sec  at  the  point  where  the  3g  contour 
is  first  encountered.  On  Fig.  19g  the  elevation  entenna  rate  (®l) 
versus  range  is  plotted.  As  would  be  expected  from  examination  of  the 
preceding  figures,  the  elevation  antenna  rate  is  in  general  higher  than 
the  azimuth  antenna  rate.  For  the  case  of  T»  »  30°  the  elevation  an¬ 
tenna  rate  varies  from  0.1  deg/sec  at  detection  to  1.7  deg/sec  pt  the 
point  where  the  3g  contour  is  encountered. 

Figure  19h  gives  load  factor  (L/w)  versus  ~ange .  These  curves  illus¬ 
trate  the  "g"  build-up  as  the  attack  progresses.  As  was  stated  previously 
one  of  the  limiting  parameters  in  the  overlays  depicting  the  effective 
attack  zones  is  the  locus  of  points  described  by  L/W  =  3g's. 

Figure  19i  gives  the  variation  in  roll  angle  ($)  with  range.  As 
can  be  seen  from  these  plots,  even  for  the  perfect  situation,  roll 
angles  as  high  as  70°  can  be  expected  during  the  approach  course. 

Figure  19j  gives  plots  of  interceptor  velocity  (Vf)  as  a  function  of 
time.  These  curves  illustrate  the  slow-down  of  the  interceptor  while 
on  the  approach  course.  Figure  19k  gives  plots  of  angle  of  attack  (a) 
as  a  function  of  time.  As  can  be  seen  from  these  curves  the  angle  of 
attack  builds  up  quite  rapidly. 

The  curves  of  Figs.  20a  through  24k  give  the  same  parameter  plots 
for  the  polar  plots  of  Figs.  20  through  24. 

Figures  25  through  30  give  additional  polar  plots  of  the  effective 
attack  zones  under  "ideal"  conditions.  These  attack  zones  are  similar 
to  those  described  previously.  The  basic  difference  is  that  the  inter¬ 
ceptor  is  assumed  to  be  at  Vcruise  at  time  of  detection.  The  altitudes 
and  target  speeds  investigated  are  the  same  as  those  of  Figs.  19  through 
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24.  The  lower  interceptor  speeds  were  chosen  to  study  the  possible  system 
improvement  as  a  result  of  lower  closing  velocity.  This  results  in  greater 
detection  ranges  and  in  reduced  effects  of  preparation  time  (especially  in 
the  forward  hemishpere).  This  is  illustrated,  by  Fig.  25.  Comparing  thin 
to  Fig.  19  shows  that  the  AI  radar  85$  probability  of  detection  has  increased 
from  12.75  n.mi.  head-on  to  13-75  n.mi.  and  the  10  second  lock-on  point  has 
moved  out  in  range  from  6.5  n.mi.  to  9-1  n.ml.  for  the  conditions  of  Figs. 

25  through  30,  AI  lock-on  range  is  no  longer  a  limiting  parameter. 

The  study  of  the  cases  illustrated  in  Figs.  25  through  30  is  not  com¬ 
pleted.  The  work  to  date  has  assumed  that  the  interceptor  starts  the 
attack  at  Vcrulee  and  continues  at  VCruise  throughout  the  engagement . 
Examination  of  the  overlays  shows  that  only  for  one  case  does  the  inter¬ 
ceptor  have  a  speed  advantage  (3*9  Fig.  27).  The  next  step  in  the  analysis 
will  he  to  investigate  the  improvements  realized  by  accelerating  the  inter¬ 
ceptor  toward  Vmax  after  AI  lock-on  occurs.  The  overlays  of  this  group  of 
figures  have  indicated  the  regions  where  this  would  result  in  improved 
capability.  For  example.  Fig.  25  shows  that  the  limiting  approach  course 
is  approximately  36°  off  the  nose  of  tl.o  target.  It  is  thus  of  interest 
to  investigate  the  improvement  realizable  at  greater  angles  by  accelerat¬ 
ing  the  interceptor. 

Remaining  Study 

The  1000  feet  altitude  case  has  not  been  studied  to  date.  Analysis 
of  this  situation  is  awaiting  low  altitude  radar  detection  performance  data 
from  NATO,  Patuxent ,  to  augment,  theoretical  detection  range  calculations. 

A  study  of  the  limits  imposed  by  hydraulic  oil  to  the  wing  servos 
as  a  function  of  system  noise  and  control  is  being  performed  by  HAMDC,  Pt. 
Mugu.  The  results  of  this  study  will  supply  an  additional  boundary  to 
place  on  the  tactical  polar  plots. 

It  is  noted  that  in  the  tactical  polar  plots  for  interceptor 
operation  at  VcruiSe,  considerable  attack  area  is  denied  due  to  the  speed 
disadvantage.  An  investigation  will  be  made  of  the  effects  of  interceptor 
acceleration  toward  Vmax  in  these  areas  where  attack  is  denied. 

PHASE  II  -  SYSTEM  CAPABILITIES  FOR  SNAP- UP  ATTACK  UNDER  IDEAL  CONDITIONS 

The  preceding  sections  have  described,  in  part,  the  ideal  situation 
for  horizontal  attacks.  Because  of  the  relatively  short  ranges  of  the 
search  radar  from  which  vectoring  information  is  derived  (CIC  or  AEW) 
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because  of  vectoring  Inaccuracies  and  because  of  irbe  high  speed  and  alti¬ 
tude  capability  of  expected  targets,  it  will  not  always  be  possible  to 
get  the  interceptor  into  a  position  for  horizontal  attack  before  the  tar¬ 
get  aircraft  has  reached  the  release  range  of  its  own  weapons.  For  this 
reason  it  is  or  importance  to  investigate  the  feasibility  of  launching 
Sparrow  HI  from  altitudes  lower  than  that  of  the  target  (pull-up  attacks). 
The  following  sections  will  describe  the  results  of  the  analysis  conducted 
to  date. 

Conditions 


The  following  conditions  are  used  in  Phase  II  of  the  study  program. 

(a)  Aircraft  characteristics  -  F4H,  F0U-3 

(b)  Target  altitudes  -  3 0,000 ,  50>000>  and  65,000  feet 

(c)  Interceptor  altitudes  -  as  capable  from  below 

(d)  Reflective  area  -  B-l+7  size  target,  assumed  the  same  as  for 
co-altitude  case 

(e)  Velocities  -  interceptor  velocity  at  altitude,  V  and 

max 

cruise 

(f)  Target  to  interceptor  speed  ratios  for  interceptor  at 

V  -  0.1+5,  0.8,  1.0.  Resulting  target  speeds  from  above 
also  used  for  interceptor  at  Vcruiee 

(g)  Perfect  vectoring 

(h)  Straight  line  flight  path  (target) 

(i)  Current  AI  detection  capability  -  85$  probability 

(j)  Time  from  detection  to  lock-on  -  10  seconds 

(k)  Seeker  capability  -  current  Sparrow  III 

(l)  Missile  aerodynamics  -  current  Sparrow  III 

(m)  Gimbal  angle  limitations  of  current  AN/APQ-72  radar  -  -  4l° 

azimuth,  +1+7°,  -38°  elevation 

(n)  Interceptor  restricted  to  3g  pull.up  or  CTninv. 
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In  addition  to  the  foregoing  conditions,  a  limiting  criteria  for 
success  was  that  it  is  necessary  to  reduce  the  heading  error  of  the 
interceptor  to  vithin  -  10°  of  a  lead  pursuit  course  within  the  missile 
Rmnv  to  Rjjin  zone.  This  10°  limitation  is  not  based  upon  firm  data, 
but  rather  on  estimates  made  by  the  prime  contractor.  Currently,  Ft. 

Mugu  in  conducting  analyses  to  determine  the  validity  of  this  nui  ber. 

The  results  of  the  analyses  will  be  used  in  this  study  program  p  .  soon 
as  they  become  available.  Another  limiting  criteria  used  in  the  pull- 
up  study  phase  and  throughout  tile  remaininij  study  program  is  that  L/W 
must  be  greater  than  0.5  g'e.  This  figure  is  based  upon  stability  re- 
quiremt nt  data  obtained  from  the  aircraft  contractors. 

Figure  31  gives  a  pictorial  representation  of  the  "ideal"  snap-up 
attack.  As  stated  previously  and  shown  on  this  drawing,  the  target  is 
nonmaneuvering.  All  attacks  occur  about  a  ver  ical  plane  through  the 
target  and  interceptor  with  no  vectoring  inaccuracy  superimposed.  The 
study  to  date  has  only  considered  the  head-on  attack  case. 

Attack  Zon*  s 

Figure  32  shows  an  actual  space  plot  of  one  of  the  courses 
generated  during  the  snap-up  investigation.  For  this  course  the  target 
was  flying  at  50 *000  feet.  The  interceptor's  initial  altitude  from 
which  the  pull-up  is  star  ed  is  20,000  feet.  The  target's  velocity  is 
vT  a  874  ft/sec  and  the  interceptor  is  initially  flying  at  Vp  =  87k  ft /sec 
which  corresponds  to  VCruise-  The  cases  for  VcrUj_8e  ln  the  pull-up  study 
differ  from  the  preceding  analysis  of  the  Vcruise  for  horizontal  attack 
in  that  the  interceptor  has  maximum  re-heat  applied  at  detection  and 
accelerates  toward  Vru&x.  For  this  space  plot  the  interceptor  startB  his 
pull-up  at  30  seconds  after  detection  of  the  target.  It  is  interesting 
to  note  the  extreme  flight  path  angles  that  occur  during  the  run. 


Figures  33  tnrough  38  give,  in  effect,  tally  sheets  for  the  re¬ 
sults  of  the  snap-up  studies  to  date.  These  figures  give  plots  of 
fighter  altitude  from  which  the  attack  initiated  versus  pull-up  delay 
after  detection  and  indicates  for  each  run  whether  it  was  a  success  or 


failure  along  with  the  reasons  for  failure  when  this  occurs.  Two  plots 
are  given  on  each  sheet.  One  of  these  is  for  the  interceptor  at  Vmax 
at  the  time  of  AI  detection  and  the  other  is  for  Vcruise  against  a  tar- 


U.-  ~ - A3  .UU.^a - aA-UJ  .A-  _i.rAr  ~  -A-  i-U  ^  J - -  =  - - 

O  tlC  O^CCU  CU1U.  CUI/IUUUC  UUUUlblOUO  PyJ.  VUU  CVO  OlAC  Ui  cauu  yogc. 


The  symbols  on  each  of  the  tally  sheets  are : 
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0  -  Unsuccessful  attack 
X  -  Launch  error  »  0 
0  -  Launch  error  -CIO0 

Figure  33  gives  the  results  of  pull-up  attacks  against  a  Mach  2.0  target 
flying  at  65, OCX)  feet.  The  left  hand  side  of  this  figure  shows  the  results 
for  the  case  where  the  Interceptor  is  flying  at  Vpjax  the  time  of  AI  radar 
detection.  Referring  to  this  figure  It  is  seen  that  with  the  interceptor 
flying  at  45,00c  feet  and  the  pull-up  starting  at  zero  time  (instant  of  Al 
d('tectlon),  the  nm  was  a  failure  because  tie  minimum  error  ( empri  ■  16°) 
exceeded  the  max  inrun  assumed  launching  error.  When  the  attack  was  started 
from  55,000  feet  and  the  pull-up  initiated  at  time  -  0,  the  run  was  a  suc¬ 
cess  (launch  error  -  0).  When  the  pull-up  was  initiated  at  5  seconds  after 
detection,  the  run  was  a  marginal  success  ( em-in  »  9°).  When  the  pull-up 
was  initiated  at  10  seconds  the  run  was  a  failure  because  the  minimum  launch 
error  was  too  large  (em-tn  -  23°).  From  th  se  results,  the  usable  launch  zone 
can  be  approximated  as  shown  by  the  dotted  line  on  this  figure.  Eowever,  if 
the  same  criteria  is  applf  vu  as  was  applied  to  the  co-altitude  attack;  namely 
that  10  seconds  5  s  required  between  AI  radar  detection  and  lock-on  and  if  it 
is  assumed  '•hat  pull-up  could  not  be  initiated  before  lock-on  (this  is  a 
valid  assumption  for  the  current  state  of  the  art  in  vectoring)  there  is  no 
usable  attack  zone.  This  can  be  shown  by  drawing  a  vertical  line  through 
the  altitude  region  of  interest  at  time  ■  10  seconds. 

The  right  half  of  Fig.  33  shows  the  result  of  starting  the  same  prob¬ 
lem  with  the  interceptor  flying  at  Vp  -  Mach  0.9  at  the  time  of  AI  radar 
detection  and  then  accelerating  toward  V^av.  For  these  conditions  we 
have  no  capability  because  for  all  of  the  cases  examined  the  launch  error 
was  greater  than  10°. 

The  plots  of  Fig.  34  give  the  results  of  snap-up  attacks  against  a 
Mach  0.9  target  flying  at  65,000  feet.  The  left  hand  side  of  this  figure 
again  gives  the  results  of  runs  for  the  interceptor  flying  at  VmBv  at  the 
time  of  AI  radar  detection.  For  the  cases  of  pull-up  starting  at  time 
zero  at  35,000,  45,000,  and  55,000  feet,  the  runs  were  successful  becc’-.^e 
the  launch  error  was  zero.  When  the  pull-up  started  at  5  seconds  the 
35,000  ft.  run  was  marginally  successful  since  the  launch  error  reached 
a  minimum  of  9.8°.  For  the  case  of  the  run  starting  at  45,000  feet  and 
the  pull-up  beginning  at  5  seconds ,  a  success  occurred  with  the  la’inch 
error  reaching  zero  degrees.  When  the  pull-ups  started  at  10  seconds, 
failures  occurred  at  35,000  and  45,000  feet  vith  minimum  launch  errors 
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of  35°  and  14°  respectively.  A  successful  run  occurred  for  time  equal 
to  10  seconds  and  55,000  feet  altitude  with  the  launch  error  reaching 
zero.  For  the  case  of  an  attack  starting  with  the  interceptor  at  55>0OO 
feet  and  pull-up  beginning  at  15  seconds  aft  r  A1  radar  detection,  the  run 

who  a.  xUx6  bdCSUBc  "the  juinliuUTu  xatiJlCu  cxxux"  Woo  12'.  The  effective 

attack  zone  for  this  ideal  condition  can  then  be  drawn  in  as  shown  by 
the  solid  lines.  The  inner  boundary  is  determined  by  the  10  second  re¬ 
quirement  from  AI  radar  detection  to  lock-on,  the  upper  boundary  by  the 
altitude  limit  of  the  interceptor  .cr  si 


» _ J-  \ - i 
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the  outer  limit  by  the  runs  described  above.  Thus  it  is  seen  that  even 
for  a  relatively  slow  target  (Mach  0.9 ),  the  effective  attack  zone  result¬ 
ing  from  the  ideal  situation  is  essentially  nil. 


The  plot  on  the  right  side  of  Fig.  34  gives  the  results  of  starting 
the  interceptor  at  Mach  0.9  against  the  same  target  (Mach  0.9  at  65,000 
feet).  As  shown,  all  runs  were  failures.  For  the  case  of  intercepts 
initiated  at  35,000  feet,  four  failures  resulted.  When  the  pull-up  was 
initiated  at  10  and  20  seconds  after  AI  radar  detection,  the  minimum 
launch  errors  were  below  the  maximum  allowable  but  an  unstable  condition 
on  the  part  of  the  interceptor  was  reached  (L/W<1  0.5  g's).  For  the  case 
of  pull-up  starting  at  time  =>  25  seconds,  the  run  was  a  failure  because 
the  minimum  launch  error  (  18°  )  exceeded  the  maximum  allowable  (10°). 
Looking  next  at  intercepts  starting  from  45,000  feet  it  1b  seen  that  all 
runs  were  failures.  When  the  pull-up  started  at  zero  time  the  run  was  a 
failure  because  the  minimum  launch  error  (l0°)  was  excessive.  For  a  pull- 
up  attack  starting  at  10  seconds  the  minimum  launch  error  (9°)  was  mar¬ 
ginal  hut  the  elevation  gimbal  limit  was  exceeded  (Xe>^  47  ).  When  the 
pull-up  was  initiated  at  20  seconds,  the  run  failed  because  of  excessive 
launch  errors  (emin  =  18°). 


The  plots  of  Fig.  35  give  the  results  of  pull-up  attacks  against  a 
Mach  2.0  target  at  50,000  feet.  Beginning  with  this  figure,  the  remain¬ 
ing  cases  will  be  under  conditions  where  the  interceptor  could  make  a 
co-altitude  attack  if  property  placed.  Thus  the  upper  boundary  in  each 
case  will  be  that  of  a  co-altitude  attack  with  the  outermost  point  od 
the  usable  zones  representing  the  minimum  aerodynamic  range  of  the  missile. 
The  group  of  points  plotted  on  the  left  of  Fig.  35  give  the  results  of 
pull-up  attacks  against  a  Mach  2.0  target  flying  at  50,000  feet  with  the 
interceptor  flying  at  Mach  2.0.  When  the  pull-ups  were  initiated  at  zero 
*»  faUinw  o  +  -iO  fw*  because  the  minimum  error  ( c... !  V,  =: 

21°)  exceeded  the  maximum  allowable.  A  success  occurred  at  40,000  feet 
with  the  minimum  launch  error  reaching  zero.  When  the  pull-up  was 
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initiated  at  5  seconds,  a  marginal  success  resulted  with  the  error  being 
reduced  to  9° •  Thus  the  usable  zone  can  be  drawn  as  shown  by  the  Bolid 
Lines .  To  make  a  successful  pull-up  attack,  the  interceptor  must  be  at 
45,000  feet  or  higher  against  a  Mach  2.0  target  at  50,000  feet.  The 
right  hand  plot  of  Fig.  35  is  for  the  same  target  condition  but.  the  In¬ 
terceptor  has  been  slowed  down  to  Mach  0.9  at  AI  radar  detection.  When 
the  attack  was  initiated  from  30,000  feet  a  failure  occurred  for  a  pull-up 
started  at  zero  time  because  the  gimbal  angle  was  exceeded  (Xe  =  -  36  °) 
and  a  failure  occurred  at  10  seconds  beca  ae  the  maximum  allcvable  launch 
error  was  exceeded  (eniin  =17  )-  When  the  attack  was  initiated  from 
40,000  feet  a  successful  run  occurred  at  zero  time,  a  marginally  success¬ 
ful  run  occurred  for  pull-up  starting  at  10  seconds  (emin  -  9°) t  and  a 
failure  occurred  when  the  pull-up  started  at  15  seconds  (emin  =*  21°). 

Thus  the  usable  zone  can  be  drawn  as  shown  by  the  solid  lines.  The  inner 
boundary  is  a  vertical  line  drawn  at  10  seconds.  The  upper  boundary  is 
that  of  a  co-altitude  attack  with  the  outer  limiting  point  being  itnin 
(23.5  seconds)  and  the  outer  limiting  curve  resulting  from  the  pull-up 
runs. 

It  is  next  of  interest  to  investigate  the  results  of  pull-up  attacks 
against  a  slower  target  (Mach  0.9)  at  the  same  altitude  as  that  of  the 
preceding  figure  (50,000  ft.).  These  results  are  shown  on  Fig.  36.  The 
left  hand  plot  shows  the  results  of  a  Mach  2.0  interceptor  attacking 
this  target.  Successful  runs  occurred  at  20,000,  30,000,  and  40,000  ft. 
altitude  for  pull-ups  initiated  at  zero  time.  Successful  runs  also 
occurred  at  20,000  and  30,000  feet  altitude  for  attacks  initiated  at 
5  seconds.  When  the  pull-up  was  started  at  10  seconds  after  AI  detection, 
failures  occurred  for  runs  initiated  at  20,000,  and  30.000  feet  with  the 
minimum  launch  errors  being  excessive  (emin  =  23°  and  13°).  A  successful 
run  occurred  at  40,000  feet  when  the  pull-up  was  initiated  at  10  seconds, 
hut  a  failure  occurred  when  the  pull-up  was  delayed  to  15  seconds  (emin  = 
11°).  The  usable  zone  that  results  is  that  given  by  the  solid  lines  with 
the  inner  boundary  being  the  vertical  10  seconds  line  the  upper  boundary 
being  that  of  a  co-altitude  attack  limited  by  Rmin  (2.  5  seconds)  and  the 
outer  limiting  line  resulting  from  the  pull-up  courses.  It  is  interesting 
to  compare  this  plot  with  the  right  hand  plot  of  Fig.  35*  The  horizontal 
span  of  the  usable  zones  are  essentially  the  same  since  the  closure  rates 
are  the  same.  However,  the  vertical  spans  are  quite  different.  This 
illustrates  the  penalty  paid  by  reducing  interceptor  speed  and  then  trying 
to  accelerate  during  the  pull-up  attack. 

When  both  the  interceptor  and  target  are  slowed  and  the  target  is 
in  a  region  from  which  a  co-altitude  attack  can  result,  the  improvement 
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in  usable  zone  for  the  "ideal1  situation  is  quite  marked.  This  is  shown 
by  the  right  hand  plot  of  Fig.  36.  Here  the  fighter  has  been  slowed  to 
Mach  0.9  and  is  attacking  a  Mach  0-9  target  flying  at  30,000  feet.  The 
successful  runs  are  all  shown  by  X's.  Failures  occurred  as  follows* 


Fall-up  at  zero  time  from  10,000  feet 
Pull-ui>  at  10  seconds  from  10,000  feet 
Pull-up  at  30  seconds  from  .0,000  feet 
Pull-up  at  JO  seconds  from  30,000  feet 
Pull-up  at  35  seconds  from  40,000  feet 


L/W  <  0.5g 
I/W  t .  5g 
I/V  <  0-r>g 
tmi  -  18° 
cmin  "  20° 


As  shown,  a  relatively  large  usable  zone  results  for  these  speed  cases 
under  "ideal"  conditions.  The  zone  is  bound  again  by  the  vertical  10  sec¬ 
ond  line,  horizontal  co-altitude  line  extending  to  R^n  at  44  seconds  and 
the  lower  curve  resulting  from  the  actual  pull-up  runs.  The  remaining 
cases  studied  to  date  are  those  of  a  target  at  30,000  feet.  Figure  37 
shows  the  results  of  runs  against  a  Mach  2.0  target  at  this  altitude.  The 
left  hand  plot  shows  the  results  of  runs  made  by  the  fighter  at  Y^v 
or  Mach  2.0  at  time  of  AI  detection.  Unsuccessful  runs  occurred  for  attacks 
started  at  zero  time  and  sea  level  (Xe  =  -67°),  at  10,000  feet  altitude 
and  5  seconds  (emin  *  24,5°)  and  at  20,000  feet  altitude  and  5  seconds 
(emtn  ”  22°)*  The  useful  attack  zone  is  bound  by  the  solid  line. 

The  right  hand  plot  shows  the  results  of  runs  against  this  target  with 
the  interceptor  flying  at  Mach  0.9.  For  this  case,  successful  runs 
occurred  at  zero  time  and  10  seconds  for  runs  initiated  from  20,000  feet. 
Failures  occurred  at  zero  time  and  10  seconds  for  runs  initiated  from 
10,000  feet  (Xg  ■  -42°  at  zero  time  and  6min  *  29°  at  10  seconds).  A 
failure  also  occurred  at  15  seconds  for  runs  initiated  from  20,000  feet 
(€min  ®  27°).  The  resulting  usable  zone  is  shown  by  the  solid  line  and 
is  bound  by  the  vertical  line  at  10  seconds,  the  horizontal  line  for  co¬ 
altitude  attacks  extending  to  Emin  (24-5  seconds)  and  the  line  resulting 
from  the  pull-up  attacks. 


The  left  hand  plot  of  Fig.  38  gives  the  results  of  pull. -up  attacks 
against  a  Mach  0.9  target  at  30,000  feet.  The  interceptor  is  flying  at 
Tmnv  or  Mach  2.0.  Failures  occurred  at  10,000  feet  and  20,000  feet  be¬ 
cause  the  launch  errors  were  too  large  (34°  8116  20°).  A  failure  also 
occurred  for  a  run  started  at  25  seconds  and  at  eea  level  (  -L/W).  Tne 
solid  line  gives  the  usahle  attack  zone.  The  right  hand  plot  shows  the 
results  of  pull-up  attacks  against  a  Mach  0.9  target  at  30,000  feet  with 
the  interceptor ' a  initial  velocity  at  Mach  0.9>  The  solid  curve  gives 
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the  resulting  usable  zone.  This  is  bound  by  the  vertical  10  second  line, 
the  horizontal  co-altitude  line  extending  to  Rnin  (42  seconds),  a  hori¬ 
zontal  line  at  sea  level,  and  the  outer  boundary  resulting  from  the  pull-up 
attacks.  Ah  Been,  failures  occurred,  at  30  seconds  lor  0  snd  10.00C  feet 
because  an  unstable  condition  on  the  part  of  the  interceptor  vasoeneoun- 
tered  (-L/w).  Also  a  failure  occurred  at  20,000  feet  (emin  •  33  )• 

The  pictorial  space  plot  of  Fig.-  32  shows  the  actual  flight  condition 
of  the  interceptor  during  one  of  the  pull-up  runs.  This  displays  the 
actual  run  from  which  the  point  shown  at  30  seconds  and  20,000  feet  alti¬ 
tude  on  the  right  hand  plot  of  Fig.  36  was  obtained.  Figures  39  through 
49  give  additional  polar  plots  of  runs  from  which  other  of  the  preceding 
described  points  were  obtained  in  the  snap-up  study.  On  each  of  the 
curves  the  following  code  is  used. 

+  Start  of  pull-up 
-*■  Start  of  lead  pursuit 

« 


X  Impact 

•  •  C.  -  CL. 

L  .max 

Some  of  the  more  pertinent  points  from  these  figures  are  as  follows. 
Figure  39  shows  two  successful  runs;  one  starting  at  zero  time  and  the 
other  at  1C  seconds.  It  is  seen  from  these  curves  and  from  the  perti¬ 
nent  data  of  the  table  that  the  criteria  of  being  within  the  Bm.y  to 
Rjaln  zone  without  having  excessive  error  was  satisfied,  that  the  maxi¬ 
mum  glmbal  angle  was  not  exceeded,  that  no  unstable  condition  on  the 
part  of  the  interceptor  was  encountered,  and  that  excessive  flight  path 
angle  was  not  encountered.  These  two  curves  are  represented  as  two 
points  on  Fig.  3^ •  The  curves  of  Fig.  40  correspond  to  two  points  on 
the  right  hand  plot  <jf  Fig.  34.  As  described  previously  these  two  runs 
were  failures  because  the  interceptor  encountered  an  unstable  condition. 

The  curve  of  Fig.  41  corresponds  to  a  point  on  Fig.  35*  This  curve 
represents  a  successful  run.  However,  it  is  included  as  an  example  here 
to  show  another  problem  that  the  interceptor  encounters;  namely  the 
®Imax  Referring  to  the  curve,  It  is  seen  that  between  zero 
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lime  and  the  beginning  of  toe  lead  pursuit  course  and  between  Rmaj(  and 
Rmln  the  interceptor  is  riding  the  CTmnv  boundary.  Figure  42  gives 
successful  runs  which  corresponds  to  points  on  Fig.  56  and  further 
illustrates  riding  the  Ct^cty  boundary. 

On  Fig.  43,  pull-up  courses  from  an  initial  fighter  altitude  of 
20,000  feet  and  starting  at  10,  20,  25,  and  30  seconds  are  shown. 

These  correspond  to  points  on  Fig.  36.  Of  primary  importance  are  the 
courses  starting  at  25  and  30  seconds .  Note  the  flight  path  angles 
(104.3°  157-8°  respectively,  interceptor  on  its  back). 

Figure  44  gives  curves  which  correspond  to  additional  points  on 
Fig.  36.  The  Important  points  brought  out  by  these  are:  for  the 
curve  starting  at  zero  time  and  at  10  seconds,  L/W  <  0.5g  1b  encoun¬ 
tered;  for  the  curve  starting  at  25  seconds,  the  flight  path  angle  is 
getting  very  large  (128.7°).  For  the  curve  that,  starts  at  zero  time 
note  the  interceptor  slov  down  that  is  encountered  (from  873  ft/sec 
at  detection  to  323  ft/sec  at  missile  impact).  Figure  45  shows  two 
successful  runs  which  correspond  to  points  in  Fig.  37. 

On  Fig.  46  courses  are  generated  which  correspond  to  points  on 
Fig.  38.  The  course  starting  at  30  seconds  illustrates  one  of  the 
boundaries  that  was  encountered 1  0.5g ) .  In  addition  it  is  ia^gor- 

tant  to  note  the  extreme  flight  path  angle  encountered  (178°).  These 
two  factors  are  again  illustrated  on  Fig.  47  where  the  curves  corres¬ 
pond  to  additional  points  on  Fig.  38.  For  the  course  starting  at  30 
seconds,  L/W  -c  0 . 5g  was  encountered  and  excessive  flight  path  angles 
occurred  (162°). 

Figure  48  and  49  give  additional  curves  which  correspond  to  fail¬ 
ures.  The  curve  of  Fig.  48  corresponds  to  a  point  on  Fig.  37.  As 
seen  from  the  Table,  the  gimbal  angle  (-67.3°)  exceeded  that  available 
(-38°).  The  curve  of  Fig.  49  corresponds  to  a  point  on  Fig.  36.  On 
this  course  an  unstable  condition  web  encountered  (L/W  <0.5g)  and  the 
gimbal  angle  (-139-3°)  exceeded  the  available  (-38°). 

Remaining  Study 

The  preceding  section  described  the  results  of  the  pull-up 
studies  for  the  "ideal"  situation.  This  study  is  not  complete.  Re¬ 
maining  items  that  will  be  included  in  the  program  are: 

1.  Extension  of  the  analysis  to  include  the  F0U-3  aircraft . 
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2.  Consideration  of  the  limits  imposed  by  ving  servo  hydraulic 
supply . 

Investigation  of  Item  1  above  Is  currently  underway  ana  will  be  in¬ 
cluded  In  the  results  Ln  the  near  future.  Item  2  Is  under  study  at 
Pt.  Mugu.  As  soon  as  data  are  available,  curve  overlays  will  be  added 
to  the  existing  zones.  Noise  data  supplied  by  NRL  (Pig.  !?0)  and  agree¬ 
able  to  Raytheon  are  being  used, 

PHASE  III  -  F4H-F8U  WEAPON  CONTROL  SYSTEMS  PERFORMANCE  (JRDKR  EXPECTED 
TACTICAL  COMBIT IQN8 

The  preceding  sections  have  described  the  Btudy  program  to  date  for 
an  "ideal"  situation.  The  results  given  represent  the  best  that  one 
would  hope  to  achieve,  with  a  high  probability  of  success,  when  certain 
sources  of  error  are  neglected.  It  is  now  of  interest  to  look  at  the 
degradation  resulting  from  a  more  realistic  tactical  situation.  The 
degrading  factors  to  be  considered  in  the  current  study  program  are: 

1.  Vectoring  inaccuracy 

2 .  Target  maneuver 

3 .  Weather 

4.  Countermeasures  against  the  airborne  weapons  system 

5.  Limit a  imposed  by  interceptor  tactics 

!a)  climb  capability 
b)  endurance 
c)  dead  time 

Degradation  Caused  by  Vectoring  Inaccuracy 

One  of  the  primary  degrading  factors  that  has  to  be  investigated 
is  that  of  vectoring  inaccuracy.  This  inaccuracy  is  currently  estimated 
as  1  Sigma  =*  -  3  n.mi.  in  azimuth,  -  3  n.mi.  ln  range  and  -  1  n.mi.  in 
altitude.  This  estimate  is  a  composite  figure  based  upon  many  conferences 
with  personnel  of  Navy  CIC,  Air  Force  OCX,  Training  Centers,  and  the 
designers  of  vectoring  data  gathering  and  information  transfer  equipments. 
It  is  hoped  that  during  the  time  history  of  this  system  that  the  azimuth 
and  range  inaccuracies  will  be  reduced  to  -  2  n.mi. 

Perhaps  the  principal  effect  of  vectoring  inaccuracy  is  ln  its 
contribution  to  system  settling  time.  In  the  preceding  "ideal"  situations 


23 


CuHF  ZUKlfT  IAL 


10  seconds  were  allotted  as  the  time  requiiad  to  go  from  detection  to 
lock-on.  In  the  co-altitude  attacks  for  the  "Ideal"  situation,  no 
additional  time  was  charged  to  settling  out  errors  after  lock-on. 

Since  it  was  assumed  that  the  interceptor  was  on  a  correct  course.  Ir 
vectoring  inaccuracies  are  added,  however,  additional  time  will  be  re¬ 
quired  after  lock-on  to  settle  out  errors.  It  is  true  that  in  the 
pull-up  attacks  under  Ideal  conditions  errors  did  exist  at  detection 
and  the  interceptor  has  to  settle  these  out  during  the  run.  However, 
in  this  case  everything  occurred  in  one  plane.  As  vectoring  inaccu¬ 
racies  are  added,  additional  time  will  also  he  required  to  solve  the 
pull-up  attack  problem. 

To  date,  the  analysis  of  effects  of  vectoring  inaccuracy  on  Bystem 
settling  time  is  only  partially  complete.  For  the  purposes  of  this 
study  the  work  has  been  broken  into  two  parts;  (1)  events  occurring 
after  lock  on,  and  (2)  conversion  from  vectoring  inaccuracy  at  detec¬ 
tion  to  angular  heading  inaccuracy  at  lock-on.  The  work  to  date  con¬ 
sists  of  a  partial  analysis  of  the  effects  of  vectoring  inaccuracy 
during  a  co-altitude  attack. 

For  purposes  of  the  current  study  program,  an  approximation  of 
actual  system  settling  time  Is  sufficient.  Thus  several  simplifying 
assumptions  have  been  made.  Referring  back  to  the  co-altitude  attack 
polar  plots  (example  Fig.  19)  the  regions  of  Interest  and  assumptions 
made  for  investigation  of  these  regions  can  be  explained.  For  example, 
analysis  based  upon  the  assumption  that  lock-on  occurs  at  constant 
ranges  of  5,  10,  and  15  n.mi.  would  yield  results  from  which  the  actual 
lock-on  curve  could  be  approximated.  As  the  speed  conditions  change  and 
as  the  improvements,  which  are  described  later,  are  added  the  regions 
over  which  each  of  these  constant  lock-on  ranges  apply  will  also  change. 
Thus  it  is  very  important  that  all  of  these  cases  be  studied.  With  this 
In  mind,  the  following  conditions  will  be  studied  in  the  settling  time 
analysis. 

(1)  Lock-on  occurring  at  constant  ranges  -  Rq  ■  5,10,15  n.mi. 

(2)  Target  to  interceptor  speed  ratios  -  V_/v_  ■  1.0  and  0.8 

T  7  (V_  -  V  ) 

'  ’max' 

(3)  Altitudes  of  interest  -  30,000  feet  and  50,000  feet 

(4)  F4H  and  F0U-3  characteristics 
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Appendix  VI  of  Volume  II  of  thin  report  describee  the  work  accomplished 
to  date  (very  preliminary).  The  basic  assumptions  used  are  included  in  this 
report.  The  investigation  is  being  conducted  using  a  cockpit  simulator  tied 
into  a  RKAC.  In  this  simulation  the  actual  performance  is  that  of  the  f4h-1 
aircraft.  The  presentation  to  the  pilot  is  that  of  the  currently  proposed 
AN/A?Q-72  radar.  The  major  item  of  difference  from  actual  conditions  (aside 
from  psychological  factors)  is  that  of  "g"  forces  on  the  pilot.  Pilots 
using  the  simulator  were  in  fact  Jet  pilots  and  they  were  instructed  not 
to  pull  more  than  3  g's.  Those  cases  where  3  g's  were  exceeded  will  he  de¬ 
leted  from  the  final  analysis. 

Examination  of  Appendix  VI  will  clearly  illustrate  that  the  analysis 
is  not  complete.  The  results  obtained  are,  in  general,  better  than  one 
would  expect  under  tactical  conditions.  For  example,  Page  18  of  Appendix 
VI  shows  that  on  most  runs  3  g's  were  exceeded,  thuB  reducing  the  settling 
time  which  would  actually  he  realized  under  tactical  conditions.  In  addi¬ 
tion,  the  case  of  lock-on  occurring  at  5  n.mi.  has  not  been  examined.  Only 
the  cases  f  R0  ■  10  and  15  n.mi.  have  received  preliminary  examination. 
Again  optimistic  settling  times  result.  This  in  effect  reduces  the  diffi¬ 
culty  of  the  problem  to  b«  solved  by  the  pilot -interceptor  combination  and 
is  inconsistent  with  the  performance  of  current  AI  radars,  especially  in 
attacks  forward  of  60°  off  the  nose  of  the  target  (vhere  Ro  "  5  n.mi. 
would  apply).  Under  Part  1  of  the  settling  time  Btudy  only  one  speed  con¬ 
dition  has  been  examined  to  date  (Vjr  -  Vj  «  Mach  I.91).  This  corresponds 
to  Vmax  for  the  f4h  at  30,000  feet.  AI  lock-on  vaa  assumed  to  occur,  as 
stated  previously,  at  10  and  15  n.mi.  Utader  Part  2  of  the  settling  time 
sxudy  only  one  speed  condition  has  been  considered  to  date,  namely  Vf  - 
Vmax  at  50,000  feet  altitude.  Unfortunately  the  speed  and  altitude  con¬ 
ditions  of  Parto  1  and  2  differ.  However,  the  speeds  involved  are  very 
nearly  equal  (1897  ft/sec  ana  1940  ft/sec).  Thus  preliminary  conclusions 
can  be  drawn. 

From  the  above  discussion  it  is  obvious  that  much  additional  work  is 
required  to  firmly  establish  system  settling  time.  As  stated  previously 
the  results  are  very  optimistic  as  far  as  the  performance  of  the  current 
system  is  concerned.  Even  with  these  optimistic  results  the  situation 
is  extremely  poor  and  should  therefore  be  reported  on  at  this  time.  As 
more  complete  results  are  obtained,  the  data  on  system  performance  will 
be  modified. 

Figure  51  gives  a  pictorial  representation  of  Part  1  of  the  settling 
time  study.  At  lock-on  the  interceptor  is  assumed  to  have  an  angular 
error  (cAq)  of  10,  20,  or  30°  at  various  angles  off  the  noBe  of  the 
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target  (Tp  )■  These  angles  epresent  the  angle  at  which  the  Interceptor 
reached  the  loclc-on  range.  L’he  cases  studied  vere  for  7«  equal  to  20, 

40,  60  and  90  degrees  (initial  starting  angles). 

Figure  52  shows  a  sample  of  the  settling  time  courses  plotted  In 
Appendix  VI.  This  figure  shows  the  results  of  runs  started  at  a  lock- 
on  range  of  10  n.ml.  and  at  an  Initial  angle  of  X*  ■  60°.  These  runs 
do  represent  a  completed  phase  of  the  study  since  the  lock-on  range 
assumed  Is  consistent  with  current  AI  radar  performance  and  the  pilot 
(Somerville)  did  stay  within  the  3g  criteria  (approximately).  On  each 
of  the  four  graphs  presented,  radial  error  versus  settling  time  Is 
plotted,  The  upper  left  hand  plot  represents  the  case  vhen  it  is  assumed 
that  the  Interceptor  has  to  stay  within  a  certain  error  for  3  seconds 
before  the  pilot- computer  combination  is  able  to  tell  that  the  error  has 
been  reduced  to  a  point  vhere  the  missile  could  be  launched.  All  curves 
on  this  plot  are  for  settling  time  which  means  that  the  pilot  was 

able  to  stay  within  a  certain  error  for  3  seconds  on  85^  of  the  runs. 
Referring  to  the  plot  it  is  seen  that  If  the  initial  error  at  lock-on 
is  30°  then  14  seconds  is  required  to  settle  the  error  to  10°  (assumed 
required)  and  hold  it  for  3  seconds  on  85#  of  the  runs.  If  the  initial 
error  is  20°  then  8  seconds  is  required  to  reduce  the  error  to  10°.  The 
lower  left  hand  plot  gives  the  results  if  the  3  seconds  criteria  is 
changed  to  6  seconds.  The  tvo  plots  on  the  right  hand  side  of  Fig.  32 
are  for  median  settling  times. 

As  stated  previously  the  investigation  of  Part  2  of  the  settling 
time  study  (conversion  from  vectoring  inaccuracy  at  detection  to  angular 
heading  inaccuracy  at  lock-on)  has  only  considered  one  speed  condition  - 
Vp  »  Vm«v  for  50,000  feet.  Figure  53  gives  a  pictorial  representation 
of  this  part  of  tne  settling  time  study.  It  is  assumed  that  the  inter¬ 
ceptor  is  vectored  on  a  pure  collision  course  and  continues  on  this  pure 
collision  course  to  lock-on  (believed  to  be  realistic  for  present  opera¬ 
tional  conditions).  The  vectoring  errors  are  normally  distributed  about 
this  pure  collision  course  (constant  relative  bearing  line)  with  a  1  Sigma 
value  of  -  3  n.mi.  Courses  are  generated  from  this  normal  distribution 
and  straight  lines  are  flown  to  lock-on. 

Some  of  the  results  under  Part  2  of  the  settling  time  study  are  shown 
on  Fig.  54.  The  initial  angle  off  the  targets  nose  (li  )  is  6c P.  The 
coordinates  of  this  figure  sxe  cumulative  percentage  of  interceptions 
versus  heading  error  in  degrees  at  lock-on.  The  lock-on  range  is  assumed 
to  be  15  n.mi.  While  this  lock-on  range  is  optimistic,  the  results  will 
serve  to  indicate  the  magnitude  of  heading  error e  expected.  One  point 


26 


COHFUENTIAL 


ia  plotted  on  the  V^/Vp  »  1.0  curve  for  purposes  of  Illustration.  For 
thia  point,  30$  of  the  runs  had  heading  errors  of  23°  or  less.  For  the 
caae  of  Vi/Vy  -  1,  a  heading  error  of  30°  or  greater  occurred  on  47$ 
of  the  runs.  For  the  case  of  Vtp/Vjr"  0.8,  24$  of  the  runs  had  heading 
errora  in  excess  of  30°.  To  be‘  consistent  with  the  study  requirements 
theae  curves  will  he  extended  to  include  85$- 90$  region. 

When  the  settling  time  study  is  completed  (all  appropriate  values 
of  Ro,  heading  errors,  altitudes  and  speeds  of  Interest  and  sufficient 
samples  of  each,,are  Included)  it  will  be  possible  to  combine  the  results 
ok  the  tvo  parts  of  the  study  program  and  predict  settling  times  vhich 
are  representative  of  the  times  one  vill  encounter  under  tactical  con¬ 
ditions.  However,  it  will  still  be  necessary  to  relate  these  settling 
times  to  realistic  values  of  allowable  launch  errors.  This  is  being 
supported  by  analysis  at  NAMTC,  Pt.  Mugu  where  miss  distance  simulations 
are  underway  to  determine  the  launch  errors  which  can  be  tolerated  and 
still  achieve  and  allowable  miss.  These  two  study  efforts  will  be  tied 
together  so  that  realistic  values  representative  of  the  total  system 
settling  time  can  be  placed  on  the  attack  sons  overlays. 

Probability  of  Successful  Arrival  to  Missile  launch 

While  the  settling  time  study  is  not  sufficiently  complete  to 
inolude  results  in  the  overall  analysis,  it  is  of  importance  to  proceed, 
using  approximations  ,  in  the  computation  of  probability  of  success 
under  tactical  conditions.  These  computations  will  be  modified  at  a 
later  date  when  firm  data  is  available. 

Figure  55  gives  a  pictorial  representatic  a  of  the  model  used  to 
determine  probability  of  successful  conversion  to  missile  launch.  Xn 
this  model  the  Interceptor  is  assumed  to  have  been  directed  on  ia  pure 
collision  course.  A  normal  distribution  of  AI  radar  lock-on  probability 
is  assumed  with  the  85$  probability  point  consistent  with  the  calculated 
values  giveiji  previously.  A  normal  distribution  of  vectoring  inaccuracy 
(1  Sigma  ■  -  3  n.mi.)  is  assumed  to  occur  along  a  line  perpendicular  to 
the  pure  collision  course  (relative  bearing  line).  Courses  are  then 
generated  through  the  resulting  probability  zone  with  the  interceptor 
flying  straight  lines  parallel  to  the  correct  pure  collision  course  at 
the  center  of  the  distribution.  At  lock-on  the  Interceptor  is  placed 
on  a  constant  l/w  -3a  turn.  This  is  the  point  in  the  analysis  where 
actual  settling  time  values  are  needed.  Without  these  the  results  are 
optimistic  since  no  reaction  or  evaluation  time  is  charged  to  the  pilot. 
The  criteria  for  success  are  that  the  launching  error  con  be  reduced 
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to  10°  before  rflin  is  reached  and  that  the  gimbal  angle  required  doea 
not  exceed  that  available  during  the  lock-on  to  Rmin  interval.  The 
analysis  was  accomplished  through  programming  on  an  IBM  computer. 

Figure  56  illustrateB  aome  of  the  reaulta  obtained  to  date.  On 
thia  figure  three  approach  aepecta  (T^-  0°,30°,  and  60°)  have  been  in- 
veatigated.  For  theae  approach  aapecta  three  speed  conditions  have 
been  investigated  (Vfc/Vp  *  1.0,  0.8,  0A5)  where  Vp  -  Mach  2  at  30,000 
feet.  For  each  of  the  approach  aspects  the  heading  angle  (S')  associated 
is  given.  The  glmbal  limits  are  the  some  as  used  previously;  -  Ul°  in 
azimuth,  +47°,  -30°  in  elevation.  The  coordinates  of  the  resulting 
group  of  curves  are  probability  of  successful  arrival  to  missile  launch 
in  percent  versus  Interceptor  relative  angle  off  the  target’s  nose  in 
degrees.  The  geometry  is  illustrated  by  the  sketch  at  the  bottom  of 
this  figure. 

For  Vp  ■  Vj  «  Mach  2.0  in  the  head-on  case,  the  probability  of  suc¬ 
cessful  arrival  to  missile  launch  is  h6$.  Uhder  the  same  conditions 
except  that  Initial  position  of  Interceptor  relative  to  the  target's 
nose  is  30°,  this  probability  is  52$  but  drops  to  zero  when  initial 
position  relative  to  the  target  is  60°.  At  60°  the  gimbal  angle  required 
exceeds  the  capability  of  the  radar,  therefore  the  target  cannot  be  seen 
by  the  radar.  Alno  the  interceptor  will  be  in  a  position,  determined  by 
the  vectoring  Inaccuracy,  from  which  he  cannot  convert  to  a  successful 
attack  sines  he  has  no  speed  advantage.  Referring  to  the  curve  for 
Vt/7f  ■  0.8  it  is  seen  that  the  probability  of  success  for  the  head-on 
case  is  48$.  When  the  interceptor  approaches  from  3°°  the  probability 
is  increased  to  82$.  Beyond  30°  the  probability  of  success  drops  off 
rapidly  and  is  bach  down  to  50$  at  60°  off  the  target's  nose.  The 
primary  reason  for  the  marked  drop-off  in  probability  is  gimbal  angle 
limitation.  When  the  target's  speed  is  reduced  as  illustrated  on  the 
curve  representative  of  Vp/Vp  ■  0A5,  the  probability  of  success  is  69$ 
for  "£■  0,  86$  for  ■  30  ,  and  85$  for  7J  ■  60°.  This  later  carve 
represents  what  is  perhaps  an  acceptable  performance  from  the  system 
when  only  the  degrading  effects  of  vectoring  inaccuracy  and  gimbal  angle 
limits  are  considered.  Unfortunately,  this  corresponds  to  todays  tactical 
■ltuation.  It  is  expected  that  the  target  of  Interest  to  this  system 
will  yield  results  .'tying  in  the  Vp/Vp-  0.8  to  1.0  region.  For  these 
speed  conditions  it  is  orvious  that  the  system  is  In  difficulty  except  in 
very  restricted  zones  (30°  aspect  for  Vj/Vp  >■  0.8). 

Figure  57  gives  the  results  of  the  investigation  to  determine  the 
effect  of  interceptor  slow-down  to  Vcrulse00  probability  of  success.  It 
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can  be  seen  froo  the  resulting  ciirveu  that  the  probability  of  success  Is 
increased  for  the  head-on  case  only.  For  other  aspect  angles  the  proba¬ 
bility  Is  reduced  because  of  the  increased  penalty  paid  by  lack  of  speed 

advantage . 

Degradation  Caused  by  Other  Tactical  Conditions 

The  preceding  aection  detailed  an  investigation  (preliminary)  of 
th®  effects  of  two  degrading  factors  on  probability  of  successi'ul  attack; 
namely  vectoring  inaccuracy,  and  gimbal  limits.  The  effects  of  several 
other  degrading  factors  vill  be  included  in  the  final  study  results. 

These  are  as  follows: 

1.  Effects  of  target  maneuver  -  this  Is  currently  under  investi¬ 
gation  and  will  be  reported  In  the  near  future. 

2.  Effects  of  weather  and  clutter  -  to  date  the  effects  of  weather 
and  clutter  on  the  performance  of  the  AI  radar  and  missile  seeker  have 
not  been  included.  However,  much  of  these  data  are  in  hand  and  will  be 
included  in  the  final  study.  For  example.  Fig.  7  shows  calculated  low 
altitude  performance  of  the  AI  radar.  These  curves  will  be  verified 

by  findings  of  tests  conducted  at  HATC,  Patuxent,  and  the  results  Incor¬ 
porated  in  the  study.  Figures  58,  59,  and  60  show  the  effects  of  rain 
on  the  current  AI  radar  detection  performance.  This  Information  will  be 
supplemented  by  work  performed  at.  HAJCTC,  Pt.  Mugu. 

3.  Effects  of  countermeasures  -  basic  work  on  this  phase  of  the 
study  has  been  reported  In  URL  Reports  4720,  4785,  and  4949.  The  results 
of  these  basic  studlss  will  be  applied  to  this  study  program. 

4.  Limits  imposed  by  interceptor  tactics  including  climb  capa¬ 
bility,  endurance,  and  dead  time.  These  factors  are  currently  under 
lnvestifption. 

Remaining  Study 

Several  of  the  items  which  are  included  under  this  category  have 
been  mentioned  above.  These,  along  with  additional  study  effort,  are 
listed  below. 

1.  Extension  of  system  settling  time  study  to  Include  all  of  the 
applicable  conditions  related  to  the  current  tactical  situation.  These 
Include  examination  of  courses  starting  at  lock-on  ranges  related  to 
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bead-on  dAse,  longer  Initial  errors  at  look-on, additional  altitude  and 
speed  conditions. 

2.  Extension  of  the  settling  time  study  to  include  FuU-3  performance . 

3.  Extraction  of  results  from  the  settling  study  based  upon 
allowable  launch  errors  obtained  from  Pt.  Mugu. 

4.  Inclusion  of  these  results  in  the  probability  of  success 
analysis. 


5.  Analysis  of  the  effects  of  other  degrading  factors  such  aa 
weather,  clutter,  countermeasures,  and  interceptor  capabilities  (climb, 
endurance  and  dead  time). 

6.  Introduction  of  additional  thrust  to  go  from  Vcrulee  to  Vnmx 
in  the  problem  areas  studied. 

7*  Inclusion  of  effects  of  missile  hydraulic  limitation?’. 

PHASE  IV  -  SYSTEM  PERFORMANCE  UNDER  EXPECTED  TACTICAL  CONDITIONS  WITH 
ADDITION  OF  CURRENTLY  PROPOSED  IMPROVEMENTS 

The  study  to  date  has  indicated  that  improvement  In  aubrystam  perfor¬ 
mance  is  needed  if  successful  missile  launches  at  an  acceptable  proba¬ 
bility  level  are  to  be  achieved.  For  example,  Fig.  56  ehows  that  when 
the  only  degrading  factors  considered  are  those  of  vectoring  inaccuracy 
and  gimbal  angle  limits,  the  resulting  probability  of  success  is,  in 
general,  unacceptable.  When  additional  degrading  factors  sure  considered, 
it  is  predictable  that  these  probabilities  will  be  reduced  even  further. 

It  is  thus  very  important  to  investigate  regions  of  possible  improvement 
to  the  subsystem  elements  in  order  that  overall  system  tactical  vise  capa¬ 
bility  can  be  improved.  The  following  details  some  of  the  areas  of  im¬ 
provement  to  AI  radar  performance  which  hcve  been  investigated  to  date. 

AN/APQ-72  &  74  Improvements  in  Fair  Weather 

Fair  weather  improvements  considered  for  the  AN/AP5-72  &  74  radars 
in  this  study  to  date  are  automatic  alarm,  search  volume  optimization, 
bandwidth  switching,  bright  display,  improved  receiver  crystals  a ad  tri¬ 
angle  vectoring.  The  latter  item  is  not  an  improvement  to  the  radar 
per  se,  but  rather  an  improvement  to  the  vectoring  pln.se  of  the  problem 
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which  will  result  in  better  detection  range  performance  of  the  AI  radar, 
and  improved  capability  in  converting  from  a  detection  to  successful 
missile  launch.  The  aforementioned  fair  weather  improvements  are  dis¬ 
cussed  in  Wsstinghouse  Air  Arm  Analytical  Section  Technical  Memo  Ko.  1 "C 
which  is  Included  as  Appendix  VII  to  this  report.  Detailed  Information 
is  given  in  this  Appendix.  The  pertinent  factors  are  briefly  reviewed 
in  the  following  sections. 

"Automatic  Alarm"  was  considered  as  a  possible  Improvement  because 
the  AH/APQ- 50  radar  has  demonstrated  capability  of  tracking  signals  that 
human  operator  could  not  see  on  the  scope  and  thus  could  not  detect.  A 
method  discussed  in  Appendix  VII  was  investigated  to  determine  whether 
or  not  this  capability  could  be  utilized  to  provide  increased  detection 
range  performance  by  the  sound  of  an  alarm  vhen  the  radar  received  sig¬ 
nals  too  weak  for  an  operator  to  see.  It  was  concluded  that  such  a  scheme 
could  lead  to  improved  range  performance  in  a  clutter-free  environment. 

Ho  improvement  can  be  expected  in  the  presence  of  clutter  due  to  the 
sounding  of  too  many  false  alarms.  Therefore  "Automatic  Alarm"  has  been 
ruled  out  as  an  improvement  because  various  sources  of  clutter  are  ever 
present  in  the  detection  problem. 

Search  volume  optimization  has  been  studied  because  it  is  known  that 
the  volume  of  space  looked  at  by  the  AI  radar  today  1b  not  ideal  for 
target  detection.  The  probability  of  detecting  a  target  1b  the  product 
of  two  probabilities. 

(1)  the  probability  that  the  target  is  in  the  area  scanned 

(2)  the  probability  of  detection  of  a  target  within  the  scanned 
area 

To  optimize  the  Bearch  area,  the  area  scanned  should  include  only  the 
area  of  target  uncertainty.  The  area  scanned  should  not  be  too  large 
because  increased  frame  time  and  reduced  hits  per  scan  will  cause  a 
reduction  in  detection  range.  Appendix  VII  gives  a  more  detailed  dis¬ 
cussion  of  this  item.  The  area  searched  is  a  direct  function  of  vector¬ 
ing  accuracy  and  therefore  any  scheme  that  results  in  smaller  vectoring 
errors  will  permit  a  smaller  search  area.  A  smaller  search  area  will 
result  in  longer  detection  ranges.  The  resulting  improvement  in  AI 
radar  detection  performance  from  increased  efficiency  of  volume  search 
along  with  other  Improvements  are  shown  on  Fig.  6l,  which  is  a  summation 
of  results  of  the  study  detailed  in  Appendix  VII.  The  contours  of  Fig.  6l 
are  smoothed  contours  with  data  actually  calculated  at  every  30°.  This 
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■smoothing  is  unimportant  sines  the  degree  of  improvement  is  the  factor 
which  will  he  used  in  later  study  effort.  The  coordinates  of  the  graph 
of  Fig.  61  are  range  in  nautical  miles  versus  aspect  angle  in  degrees 
relative  to  the  noBe.  The  detection  range  contour  labeled  (2)  in 
Fig.  61  shows  the  improvement  gained  by  a  reduction  of  the  search  area 
•lone  to  33-6°  *  11.6°. 

This  search  urea  is  not  optimum  in  terms  of  detection  range  perfor¬ 
mance  alone.  Hen  fever,  when  a  balance  between  range  performance  and 
mechanization  difficulty  is  achieved  this  search  area  is  approximately 
correct.  Referring  to  curve  (2)  of  Fig.  6l  and  using  curve  (l)  as  the 
reference  point  (head-on  case)  it  is  seen  that  approximately  10$  im¬ 
provement  in  AI  detection  range  performance  is  achieved  at  the 
probability  level  with  this  reduction  in  search  area. 

Bandwidth  switching  for  the  search  mode  was  considered  because  a 
narrower  IF  bandwidth  results  in  a  decrease  of  noise  power.  Bandwidth 
reduction  from  the  present  4  meps  to  1.12  neps  in  search  was  studied 
and  it  Is  concluded  that  this  will  yield  a  net  Improvement  of  approxi¬ 
mately  16$  in  detection  range  at  the  85^  probability  J-vel  as  shown 
in  Fig.  61  (curve  (4)). 

A  bright  display  1s  still  .unde*  study,  and  while  no  definite  con¬ 
clusions  can  be  drawn  at  this  time  concerning  the  actual  Amount  of 
detection  Improvement  to  be  realized,  it  is  estimated  that  13$  Increase 
In  range  capability  will  result  if  currant  trends  in  other  areas  such 
as  maintenance,  reliability,  and  complexity  are  continued.  However, 
latent  (but  lost)  in  the  basic  equipment  are  many  db  of  theoretical 
range  performance.  This  loss  is  caused  by  a  "high  resistance"  connec¬ 
tion  between  the  equipment  and  the  operator.  If  some  of  the  lost  db 
can  be  recovered,  the  effects  of  bright  display  may  well  be  much  more 
pronounced  than  the  estimated  13$. 

Resulting  Effects  of  Improvements  on  Attach  Zones 

Means  of  achieving  improved  system  performance  has  been  dis¬ 
cussed  in  the  preceding  section.  It  1b  believed  that  all  of  the 
Improvements  analyzed  in  this  section  can  go  in  during  the  time  schedule 
of  this  equipment.  In  addition,  it  is  believed  that  the  vectoring 
inaccuracy  in  azimuth  and  range  can  be  reduced  from  *  3  n.mi.  to  -  2  n.ml. 
Figures  62  and  63  show  the  effects,  as  a  function  of  aspect  angle,  on 
system  performance  of  including  the  improvements  discussed. 
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Figure  62  shows  the  reaulta  of  improving  AI  detection  capability.  In 
thia  figure  it  ia  assumed  that  the  current  AI  detection  performance  ia 
that  siren  for  Vj  »  1940  ft/aec  at  50,-OOQ  fact  altitude  (12-13  n.ai.). 

She  current  ginbal  angle  coverage  ia  uaed  (-  4l°  az;  -380  el.). 

The  vectoring  inaccuracy  ia  that  currently  available  (1  Sigma  -  3  n.ai. 
in  azimuth  and  range).  The  interceptor  ia  at  the  aaae  altitude  aa  the 
target  (co-altitude  attack).  The  ooordinatea  of  the  graph  are  probability 
of  auoceaaful  arrival  to  aiaalle  launch  in  percent  vereua  range  increment 
improvements  in  nautical  nilea  vith  0  repreeentlng  the  current  range  per- 
foraanee.  Three  apeed  conditions  are  examined  (Vf/Vf  •  1.  0.8,  and  0.45 
where  T»  -  1940  ft/aec).  Three  approach  expect  angles  (yj  have  been 
examined.  Referring  to  the  left  hand  aide  of  Fig.  62,  it  la  seen  that 
for  /'T*  «•  60°  and  for  V^/Vy  *  1»  no  increase  In  aystea  probability  results 
aa  the  range  la  increased  upward  to  that  previously  predicted  for  the 
realizable  Improvements.  Thia  is  due  to  the  fact  that  detection  range 
ie  met  the  limiting  parameter  for  thia  approach  aspect.  The  limiting 
parameters  are  Jointly  interceptor-pilot  capability,  and  global  angle 
limits.  For  TV-  30°  there  is  a  marked  improvement  ea  range  ia  increased. 
The  probability  of  success  increaaea  from  52%  for  the  current  situation 
to  approximately  T2%  for  range  increaLses  predicted  in  the  preceding  sec¬ 
tion  '6.8  n.ml.).  If  6  n.mi.  range  Improvement  can  be  realized  the  pro¬ 
bability  of  success  would  be  increased  to  13%.  For  the  case  of  Y«  ■  0° 
the  improvement  la  more  obvious .  Here  the  primary  limiting  factor  la 
AI  detection  range  performance.  Aa  shown  the  range  improvement  predicted 
(6.8  n.ml.)  would  result  in  improved  system  probability  from  that  currently 
available  (46*] to  82*. 

Referring  next  to  the  center  of  Fig.  62,  the  improvements  resulting 
from  detection  increase  for  V<j/Vp  -0.8  are  shown.  Again,  for  %  -  6Cr 
there  ia  no  improvement  in  probability  of  success  since  the  limiting 
parameters  are  other  than  detection  range .  For  T;  -  30°  the  probability 
of  auccess  Increases  from  82*  for  the  current  situation  to  96*  when  the 
range  la  increased  8  n.ai.  For  '"fc  -  0°  the  probability  of  success  is 
increased  from  that  currently  available  (49*)  to  96*  as  the  range  is 
increased  to  8  n.mi. 

The  right  hand  plot  of  'Fig.  62  gives  the  results  of  range  improvement 
on  the  case  of  Vj/Fp  -  0.45.  Here  the  most  startling  improvement  occurs 
at  75  -0°. 

Figure  63  illustrates  the  effect  of  vectoring  inaccuracy  Improvement 
Oft  the  probability  of  successful  arrival  to  missile  launch.  As  stated 
previously,  it  is  hoped  that  the  vectoring  Inaccuracy  will  be  reduced 
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to  -  2  n.al.  for  the  1  Sigaa  value  In  range  and  azimuth.  with  thle  la  mind, 
It  le  important  to  investigate  the  resulting  effects  on  system  usefulness, 
the  conditions  now  are  the  same  as  originally  with  the  antenna  gimbal  Halts 
again  -  4l°  la  a?iauth  end  4A70,  .38°  la  elevation  and  the  854  probability  of 
detection  in  the  .12-13  n.mi.  region.  Referring  to  the  left  hand  side  of  Fig. 
63  it  is  seen  that  for  Vj/Vy-  1  and  Vy  -  1940  ft/eec  that  for  7*  ■  60°  there 
Is  no  improvement  in  probability  of  success.  As  stated  previously  the  limi¬ 
tations  for  this  case  are  primarily Interceptor-pilot  capability  aad  glabal 
angle  Halts.  For  the  cases  T«  -  0°  aad  30°  there  Is  a  large  laproveaent. 

For  u  ■  0°,  a  3  n.al.  vectoring  Inaccuracy  results  in  a  probability  of  suc¬ 
cess  of  464.  This  is  improved  to  60j  vhen  the  Inaccuracy  Is  reduced  to 
2  n.al.  A  corresponding  laproveaent  results  for  To  ■  30°. 

Referring  to  the  center  of  Fig.  63,  the  case  of  V<p/Vy  -  0.8  where 
Yf  ■  1940  ft/sec  Is  shown.  As  for  the  previous  situation,  there  is  no 
laproveaent  for  the  condition  where  -  60°.  For  To  -  30°,  the  probability 
of  success  is  improved  from  that  currently  available  (824)  to  914  when  the 
vectoring  Inaccuracy  is  reduced  to  2  n.al.  For  the  case  of  >  0°  the  im¬ 
provement  Is  froa  that  currently  available  (484)  to  714.  The  right  hand 
side  of  Fig.  63  illustrates  the  case  of  Vij/Vy  >  0.45. 

Figure  64  gives  the  results  of  analysis  to  date  of  Increased  girJbal 
angle  llmltB.  The  basic  situation  is  identical  to  those  of  the  previous 
two  figures.  Assualng  that  currently  a  -  4o°( approximately)  box  is  covered 
by  antenna  gimbals,  the  effect  of  improving  these  Halts  are  shown.  For 
example,  when  Vj/Vp  -  1  and  Vy  >  1940  ft/sec  (as  shown  on  the  left  plot) 
aad  Tj  “  60°  going  froa  -  4c°  to  -  57°  (believed  to  be  approximately  maxi¬ 
mum  which  can  be  realized),  a  probability  of  success  laproveaent  of  19*54 
results.  If  a  full  -  60°  could  be  realized  the  laproveaent  would  be  414. 

For  the  ease  of  "I*  “  30°  going  from  -  4o°  to  *  570  results  In  lOjt  Improve¬ 
ment.  If  a  full  -  60°  would  be  realised  the  laproveaent  would  be  164 .  For 
the  case  of+T«  -  0°  Inhere  is  no  laproveaent  when  gimbal  angle  Halts  are 
varied  for  -  40°  to  -  60°  because  detection  range  and  vectoring  Inaccuracy 
arc  the  sensitive  parameters  In  this  region. 

For  the  case  of  Yf  *  1940  ft/sec  and  Vr/Vy  >0.8  there  Is  no  improve¬ 
ment  for  runs  originating  from  -  0.  The  reason  Is  the  same  as  given 
above.  The  case  of  %  -  60°  has  not  been  completed  but  the  trend  Is 
evident .  To  -  30°  has  not  been  examined  yet. 

When  the  speed  ratio  is  reduced  to  Vj/Vp  >0.45  there  Is  no  improve¬ 
ment  for  the  cases  of  >  0  and  To  >30°.  The  case  of  7*  -  60°  has  not 

been  Included,  but  It  is  predictable  that  It  will  not  be  Influenced  by 
glabal  angle  changes. 
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It  is  believed  that  all  of  the  improvement  investigated  regarding 
AI  radar  range  performance  can  he  incorporated  in  the  system  in  the 
time  interval  available  for  system  development.  Referring  back  to 
Fig.  61,  it  is  seen  that  each  of  these  improvements  separately  buys 
very  little.  All  of  the  improvements  listed  on  this  figure  sure  needed. 

It  is  hoped  that  the  improvement  In  vectoring  Inaccuracy  discussed  above 
vill  materialise  during  this  same  time  Interval  but  actual  system  per¬ 
formance  estimates  should  not  be  predicated  upon  this  hope.  The  global 
angle  coverage  increase  Investigated  is  certainly  desirable.  However, 
the  extent  of  this  increase  must  be  balanced  with  state  of  the  art  capa¬ 
bility  and  other  system  requirements  such  as  increase  dish  size  to  get 
additional  range  needed  especially  in  the  forward  hemisphere. 

Figure  65  gives  the  resulting  probability  of  success  curves  for 
the  case  where  the  85^  probability  of  detection  has  been  Increased  to 
19  n.ml.  and  the  global  angle  coverage  increased  to  -  57°  (estimated 
maximum  possible).  The  method  of  presentation  is  the  same  as  that  of 
Fig.  56.  The  lower  curve,  shown  with  a  dashed  line,  was  taken  from 
Fig.  56  and  is  for  the  case  of  85$  probability  of  detection  occurring 
at  12-13  n.ml.  and  glmbal  angle  coverage  of  -  4l°  azimuth  and  +47°* -38° 
in  elevation.  Comparing  this  to  the  solid  curve  resulting  from  the  new 
detection  ranges  and  glmbal  limits  for  V»p/Vp  ■  1,  a  major  improvement  is 
apparent .  For  example,  when  %  ■  0  the  improvement  la  from  that  currently 
available  (46)1)  to  75^  probability  of  aucceaa.  When  To  -  30°  the  Improve¬ 
ment  la  from  that  currently  available  (52$)  to  89f  probability  of  aucceaa. 
When  7i  -  60°  the  Improvement  is  from  that  currently  available  (0 f)  to 
0$  probability  of  aucceaa.  The  other  two  curves  on  Fig.  65  are  approxi¬ 
mations.  Since  the  19  n.ml.  was  achieved  for  Vt/Vp  -  1  head-on,  it  la 
obvious  that  this  range  will  be  larger  for  Vj/Vp  -  0.8  and  0.45.  The 
error  in  range  is  approximately  10^  fcr  the  case  of  VT/VF  ■  0.45.  However, 
its  effect  ia  minor  in  nature,  with  the  moat  pronounced  error  occurring 
for  To  «  0.  The  trends  are  obvioua  from  examination  of  Fig.  65. 

It  is  obvious  from  examination  of  the  preceding  figure  that  it  is 
desirable  to  Increase  system  performance  above  that  available  with  all 
of  the  Improvement  investigated  to  this  point.  It  ia  important  to  remem¬ 
ber  that  to  this  point  only  a  few  of  the  degrading  factors  present  in 
the  tactical  situation  have  been  examined.  When  more  of  these  are  con¬ 
sidered,  the  overall  system  performance  will  be  reduced  even  further. 

This  is  especially  true  for  head-on,  high-speed  attacks.  Figures  66 
through  68  detail  the  effects  on  the  Improved  system  probability  of  suc¬ 
cess  of  /arying  seen  of  the  sensitive  parameters.  It  can  be  shown,  very 
simply,  that  for  the  high-speed  intercept  and  forward  hemisphere  cases, 
(particularly  in  a  cone  of  -  45°  off  target's  nose),  range  is  the  most 
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sensitive  parameter.  Figure  66  shows  the  results  of  increasing  range  on 
probability  of  successful  arrival  to  missile  launch  when  the  basic  system 
Is  one  which  contains  all  of  the  preceding  improvements  (Rfjjjd  *  19  n.al. 
antenna  gimbals  -  57°).  Referring  to  the  left  side  of  Fig.  06  (Vr/Vy  *  1, 
VF  «  19^0  ft /sec)  it  is  seen  that  for  7»  ■  0  and  30°  the  effect  of  increas¬ 
ing  the  19  n.mi.  range  resulting  from  the  discussed  Improvements  to  2?  a. ml. 
is  approximately  20 0.  It  Is  important  to  recognise  that  this  is  a  region 
where  Increased  performance  is  very  Important.  For  the  ease  of  Y*r/Tp  *0.8 
the  improvement  of  adding  8  additional  miles  detection  range  varies  from 
150  (from  a  probability  of  840  to  e  probability  of  990)  for  7i  ■  0  to  80 
(from  a  probability  of  920  to  a  probability  of  100^)  for  7(  «  30°.  When 
V‘j/Vp  -0.45  there  is  essentially  no  improvement  resulting  from  increased 
AI  detection  range. 

Figure  67  shows  the  results  of  improving  vectoring  accuracy  when  the 
detection  angle  la  19  n.mi.  and  the  global  limits  are  -  37°  (maximum 
believed  available).  For  the  high-speed  case  V^/Vy  -  1  and  71-0  the 
improvement  resulting  from  reducing  the  vectoring  inaccuracy  to  2  n.al. 
le  12*1  (from  a  probability  of  760  to  a  probability  of  880).  When  7*  ■  30° 
the  improvement  la  50  (from  a  probability  of  890  to  a  probability  of  940). 
When  7«  ■  6cf  the  Improvement  le  3 0  (from  a  probability  of  80  to  a  proba¬ 
bility  of  110).  When  the  target  speed  is  reduced  to  Vj/Vy  -0.8  the 
Improvement  varies  from  9 0  (from  a  probability  of  840  to  a  probability  of 
930)  for  7*  -  0  to  30  (from  a  probability  of  910  to  a  probability  of  940) 
when  To  ■  30° •,  When  V^/Vy  •0.h5  there  is  essentially  no  improvement 
resulting  from  improving  vectoring  inaccuracy. 

yigure  68  gives  the  results  of  increasing  the  glmbal  angle  coverage. 

The  region  of  Interest  is  that  of  increasing  the  glmbal  angle  coverage 
from  -  57°  up.  The  curves  on  this  figure  show  the  affects  of  going 
from  57®  to  67°.  However,  these  results  are  academic  in  nature  since 
glmbal  angles  much  In  excess  of  57°  will  be  extremely  difficult  to 
achieve. 

Remaining  Study  Blementa 

The  preceding  sections  have  shown,  in  preliminary  form,  the  results 
of  incorporating  certain  Improvements  upon  system  probability  of  success. 

In  addition,  the  sensitivity  of  the  resulting  system  performance  to  varia¬ 
tion  of  several  parameters  has  been  demonstrated.  All  of  the  Improvement 
study  findings  thus  far  presented  have  assumed  a  clear  weather,  counter¬ 
measures -free  environment.  Additional  "improvement”  items  intended  to 
increase  system  performance  under  clutter,  weather,  and  countermeasure 
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condition!  vill  be  investigated.  Some  of  the  "improvements"  to  be  evalu¬ 
ated  are  as  follows: 

(1)  Sffeots  of  polarization  switching  in  a  foul  weather  environ¬ 
ment  :  com  of  the  study  effort  on  this  parameter  has  been  completed . 
Figures  69  through  71  give  the  theoretical  range  performance  resulting 
from  the  use  of  circular  polarisation.  Comparing  these  results  with 
the  performance  curves  given  previously  for  vert i c  l  polarization,  it  is 
concluded  that  circular  polarization  would  be  superior  ouly  undev  high 
altitude  conditions  with  rain  at  the  target.  Practical  realization  of 
circular  polarization  is  technically  difficult.  It  is  relatively  easy 
to  produce  circular  polarization  under  laboratory  conditions.  However, 
to  propagate  circularly  polarized  vavew  through  the  waveguide,  antenna, 
and  radone  complex  is  quite  difficult.  It  is  believed  that;  no  advantage 
can  currently  be  realized  by  going  to  circular  polarization. 

(2)  Investigation  of  system  performance  improveasnt  through  the 
use  of  a  larger  AI  radar  antenna:  the  calculation  of  range  performance 
improvement  resulting  from  the  uee  of  a  large  dish  le  straightforward 
and  can  be  incorporated  in  this  study  program  in  the  near  future. 

However,  in  the  two  systems  of  interest,  a  balance  between  dish  size 
and  glmbal  angle  coverage  based  upon  optimum  overall  system  performance 
and  mechanical  feasibility  should  be  reached  before  design  effort  toward 
the  end  antenna  system  is  finalised.  The  achievement  of  this  balance  is 
baaed  upon  relatively  complex  analysis  and  cannot  be  predicted  at  this 
point  in  the  study  program. 

(3)  Situation  .ieplay  to  enhance  overall  system  performance:  it 
is  believed  that  a  situation  display,  similar  to  the  Triangle  System, 

is  essential  if  the  desired  ultimate  use  capability  of  the  system  is  to  be 
approached.  While  the  availability  of  the  Triangle  System  for  use  in 
the  time  era  of  Interest  is  questionable  at  this  date,  every  effort  should 
be  exerted  toward  the  development  of  this  or  a  more  optimum  situation 
display. 


(4)  Anti Jam  features  for  the  AI  radar:  the  use  of  backbias 
techniques,  automatic  homing  on  jamming,  broadbanding,  Jittered  PRF, 
high-altitude  feed,  improved  AFC  and  nonsaturating  AQC  are  under  inves¬ 
tigation.  The  results  of  URL  analyses  of  these  features  have  been 
reported  to  the  Bureau  of  Aeronautics  (HRL  Report  4949). 

(5)  Anti  jam  features  for  the  Bparrov  HI  Beeker:  HRL  has  lnves 
tlgated  AJ  features  for  this  seeker.  The  results  of  this  investigation 
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have  bean  reported  to  BQASR  (URL  Report  4720)  and  will  be  Included  in 
this  study. 

(6)  Relocation  of  CW  Injection  plumbing:  several  soheues  have 
been  proposed  for  relocating  the  CV  injection  components.  These  schemes 
are,  In  effect,,  an  effort  to  allow  the  use  of  a  larger  dish  concurrently 
vith  larger  global  angle  coverage.  These  schemes  will  be  studied  and 
the  resulting  effects  upon  system  performance  included. 

RRASE  V  -  STOTT  TO  DETERMINE  AND  ASSESS  REALIZABLE  DGRCVBMENT8 

As  this  study  continues,  HRL  and  Vestlnghouse  Analytical  Section 
will  Investigate  the  feasibility  (both  technical  and  time-vise )  of  in¬ 
corporating  those  Items  which  result  In  Important  Improvement  of  system 
performance.  Action  recommendations  will  then  be  made  to  the  Bureau. 

This  is  a  continuing  process  and  vlll  not  necessarily  wait  for  the 
presentation  of  a  final  report.  To  date,  the  following  proposed  actions 
can  be  recommended  as  a  result  of  the  preliminary  analysis  which  has 
been  presented. 

(1)  The  Incorporation  of  optimised  search  area,  bright  display 
(enhanced  operator  environment),  and  bandwidth  switching  can  be  achieved 
during  the  time  available  for  the  development  of  this  system.  Collee-  . 
tlvely  they  represent  a  major  Improvement  In  system  performance. 

(2)  While  the  exact  availability  date  for  a  situation  display 
such  as  the  Triangle  System  Is  not  predictable  at  the  present  time, 
concerted  effort  should  be  directed  towards  its  development .  The  incor¬ 
poration  of  such  a  display  will  represent  a  major  Improvement  In  overall 
system  performance  capability. 

(3)  While  the  analysis  to  date  has  Indicated  that  additional 
range  above  that  realized  from  Items  (l)  and  (2)  above  is  very  desirable, 
the  Incorporation  of  such  items  as  a  larger  dish  should  be  delayed  until 
sufficient  analysis  Is  completed  either  under  this  a.  _dy  program  or  by 
tha  fire  control  contractor  (preferably  by  the  contractor;  to  allow 
arrival  at  an  optimum  balance  between  dish  size  and  gimbal  angle  coverage. 

PHASE  VI  -  STOTT  OF  XR  TIB- IN  FOR  A I  FIRE  CONTROL  SISTSM9 

Dp  to  this  point  In  the  study  program,  the  analysis  method  has 
been  first  to  Investigate  the  performance  resulting  from  the  use  of 
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available  equipment!  and  then  to  indicate  possible  improvements.  To 
date  the  undefined  state  of  the  IS  capability  is  the  AX  fire  control 
system  is  such  that  this  procedure  oaanot  be  followed.  Ih  lieu  of 
this  method  the  Havy  study  will  first  establish  defiaient  areas  of  the 
primary  fire  control  system.  An  investigation  will  then  be  made  to 
determine  if  such  secondary  items  as  XR  can  help  in  these  deficient 
areas. 


PHASE  VII  -  REPEAT  8TUDT  PHASE  X-VX  FOR  SPARROW  HI  WITH  XR  SEEKER 

To  date,  HRL  has  insufficient  Information  on  the  Sparrow  XXX  IR 
seeker.  This  phase  is  a  contractual  item  of  the  study  program.  Analy¬ 
sis  will  commence  ae  soon  as  information  Is  supplied  by  the  contractor. 

PHASE  VXXX  -  REPEAT  STOUT  PHASE  X-VX  FOR  SIDEWXEDER 

This  phase  is  a  contractual  item  of  the  study  program.  A  memorandum 
(Sidewinder  X  and  XA  Description,  Westlnghouse  Technical  Memo  220)  has 
basn  prepared.  This  memorandum  la  currently  being  reviewed  for  aoouracy 
by  ROTS.  In  addition,  HOTS  is  supplying  estimates  on  the  performance 
of  8idewinder  IC.  As  soon  as  thess  data  are  in  hand,  analysis  will 
ooousnce. 

XHPCSTART  SISTER  ESQOTRKMEHT8  EOT  CQETRACTUALLT  COVERED 

As  any  study  program  progresses,  many  new  areas  of  importance  are 
brought  to  light.  This  is  true  of  the  current  study.  The  contract  as 
it  now  exists  will  not  oover  many  of  these  items.  Among  these  are: 

a.  Breakaway  and  illumination  requirements. 

b.  Interceptor  recovery  (doctrine)  after  launch. 

c.  Sparrow  II  head  for  Sparrow  XII  missile. 

In  addition,  certain  phases  of  the  study  should  be  extended. 

a.  Additional  approach  angles  about  the  target  should  be  studied 
in  the  snap-up  phase.  This  study  will  only  consider  the  head-on  case 
with  and  without  vectoring  Inaccuracy. 
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b.  Nor*  detailed  study  of  item  where  date  le  not  currently  avail¬ 
able  should  be  considered. 

The  Ravel  Research  Laboratory  strongly  recommends  that  the  current 
study  program  be  extended  to  cover  the  above  Items  or  that  a  new  study 
program  be  initiated  to  cover  them. 
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tot  reduction 

The  data  presented  In  tbls  study  ■vines ry  is  only  partially  complete. 
There  are  many  areas  where  ouch  work  reaalas  to  be  done  before  all  phases 
of  the  study  can  be  tied  together  in  an  exact  fashion.  Iren  though  the 
study  is  only  partially  complete,  inferences  oan  be  drawn  which  will  be 
useful,  in 

(1)  formulation  of  the  basic  systea  configuration 

(2)  development  of  a  situation  display 

(3)  formulation  of  tactical  doctrine  guide  lines 

(4)  revision  of  operational  concept  for  usage  of  secondary 

aissile  seekers 

(5)  establishing  applicability  of  secondary  AI  Tire  control 
systesu>  such  as  IK,  to  the  deficient  areas  of  the  primary 
AI  fire  control  system 

(6)  establishing  lowest  acceptable  limits  defining  a  useful 

levy  system 

(7)  starting  lmsmdlate  action  cm  Items  1-6  above  in  order 
that  useful  attainment  of  operational  requirement  objec¬ 
tives  can  V*  achieved 

As  is  evident  from  the  material  presented  in  this  report,  and  from 
conferences  with  BOAKR  and  participating  contractors,  findings  of  the 
current  levy  Study  Program  are  vital  to  the  management  of  a  tactically 
useful  F4H-1  and  fPU-3  Weapon  System.  Factors  contributing  importantly 
to  the  validity  of  this  study  include  its  technical  direction  by  the 
levy  and  its  use  of  Navy  approved  inputs. 

Detailed  Recommanrtstion*  and  Conclusions 

1.  The  preliminary  results  of  the  study  Indicate  that  for  co-altitude 
high-speed  attacks  under  "ideal"  conditions  with  V^Vj,  -  1  the  interceptor 
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mist  start  its  approach  from  forward  of  70°  off  the  target's  nose 
If  it  ir  to  get  Into  a  position  to  launch  a  missile. 

2.  It  can  he  easily  shown  from  the  study  results  that  when  additional 
time  is  add?*  for  systems  preparation  (currently  estimated  as  27  seconds 
total)  most  of  thin  forward  70°  zone  will  be  eliminated.  In  the  case  of 
Vf/Vr  -  1  for  attache  occurring  at  30,000  and  50,000  feet,  approximately 
a  .'0°  zone  (from  60°  to  70°  off  the  target's  r.ose)  would  remain. 

3.  When  Vij/Vy  is  reduced  to  0.8,  attacks  can  originate  from  around  the 
cloov  for  ideal  conditions.  However,  when  the  total  system  settling  time 
is  considered,  it  can  be  shown  that  approximately  the  forward  60°  is 
eliminated  from  the  usable  attack  sone. 

4.  When  the  interceptor  is  slowed  down  to  Vcru^se  additional  time  la 
available  for  forward  hemisphere  attack.  However,  when  the  target  la  a 
high  speed  one,  the  approach  aspect  is  even  more  restricted.  For  example, 
when  the  target  is  flying  at  Mach  2.0  at  30,000  feet  the  interceptor  must 
approach  from  forward  of  40°  off  its  nose . 

5.  When  the  target  spaed  Is  Mach  2.0  and  the  interceptor  speed  is  Mach  2.0 
or  VMT  and  pull-up  attacks  are  employed  under  Ideal  conditions,  success¬ 
ful  engagements  are  restricted  to  7,000  feet  altitude  differential  for 
targets  flying  at  30,000  feet  altitude  and  higher.  Ho  capability  exists  for 
targets  flying  at  65,000  feet  altitude. 

6.  When  the  target  speed  is  reduced  to  Mach  0.9  and  the  interceptor  le 
flying  at  Mach  2.0  or  Vm»x.  successful  engagements  are  restricted  to 
altitude  differentials  of  17,000  feet  or  lees  for  targets  flying  at 
50,000  feet  latitude  or  higher.  When  the  target  altitude  is  30,000  feet 
or  less,  successful  pull-up  engagements  can  occur  from  sea  level  to  co¬ 
altitude. 

7.  For  the  cases  where  the  interceptor  is  slowed  down  to  Mach  0.9  at 
the  start  of  pull-up,  no  capability  exists  for  pull-up  attacks  against 
either  a  Mach  2.0  or  Mach  01.9  target  at  altitudes  of  65,000  feet  or 
higher. 

8.  For  the  pull-up  attacks  at  50,000  feet  or  lees,  a  greater  altitude 
differential  capability  exists  when  the  Interceptor  is  slowed  dawn  to 
Mach  0.9  than  for  the  cases  where  Vp  ■  Mach  2.0.  With  the  target  flying 
at  50,000  feet  (Vip  -  Mach  2.0),  this  altitude  differential  is  10,000  feet. 
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9.  The  probability  of  successful  attack  when  limited  by  sons  of  the  de¬ 
grading  factors  such  as  glmbal  angle  and  vectoring  inaccuracies  have 
been  in  part  investigated.  When  the  Interceptor  Is  flying  at  Mach  2.0 
in  a  co-altitude  attack  and  VtAp*  1t  the  probability  of  successful 
arrival  to  missile  launch  for  the  nose-on  case  Is  460  and  for  30°  off 
the  target's  nose  is  520.  At  60°  off  the  target's  nose,  the  probability 
goes  to  sere  because  of  the  Interceptor's  inability  to  get  Into  position 
and  because  of  glmbal  angle  limits. 

10.  When  Vj/Vy  is  reduced  to  0.8  and  the  engagement  occurs  at  co-altitude, 
the  probability  of  successful  arrival  to  missile  launch  is  Increased  to 
H80  for  nose-on,  to  820  at  30°  off  the  target's  nose,  snd  to  500  at  60° 
off  the  target's  nose. 

11.  When  the  interceptor  is  slowed  down  to  Mach  0.9  the  head-on  proba¬ 
bility  of  success  goes  up  but  falls  off  rapidly  as  the  aspect  angle 
from  which  the  engagement  starts  moves  toward  the  beam.  For  the  case 
of  Vy/Vy  -  1.7,  the  probability  of  successful  arrival  to  missile  launch 
Is  710  for  nose-on  and  aero  at  30°  off  the  target's  nose. 

12.  Although  many  of  the  degrading  factors  which  will  be  encountered 
under  realistic  tactical  conditions  have  not  been  included  in  the  study 
to  date  the  results  can  be  Inferred.  It  la  predictable  that  the  indi¬ 
cated  probability  of  Success  values  given  in  Items  9  thru  11  will  bo 
reduced  markedly. 

13.  Thus  far  In  the  study  program  the  resulting  improvement  from  the  use 
of  a  bright  display,  bandwidth  switching,  and  optimised  search  area 
have  been  investigated.  The  result  is  an  Increase  In  aI  detection  range 
from  12.7  n.ml.  to  19  n.ml.  for  a  Mach  2.0  Interceptor  attacking  a  Mach 
2.0  target  head-on. 

14.  The  improvement  factor  given  in  this  report  for  a  bright  display 
Is  an  engineering  estimate  of  that  which  could  result  by  brightening 
the  current  presentation.  There  are  many  other  "loet"  db's  which  could 
l>e  recovered  through  a  program  of  system  analysis  having  as  Its  objec¬ 
tive  an  optimization  of  the  pilot's  environment .  This  program  would 
Include  the  possibility  of  such  items  as  an  MBL  type  bright  display, 
situation  display  and  general  cockpit  optimisation. 

15.  When  the  improvement  factors  of  Item  13  are  Included  and  when  tbs 
antenna  glmbal  limits  are  increased  to  -  57°  in  azimuth  and  elevation 
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thers  1«  a  marked  improvement  In  probability  of  succe»sful  arrival  to 
ml • ■ lie  launch.  For  example,  vhan  Vp  *  Mach  2.0  and  Vrp/Vp  -  1.0  there 
is  an  improvement  in  probability  of  success  of  approximately  30?l  for 
head-on  attacks  resulting  in  a  value  of  75^ • 

16.  It  is  believed  that  the  improvements  of  Item  13  could  be  incorporated 
in  the  system  during  the  time  era  of  interest.  The  Laboratory  would 
strongly  recommend  that  the  Bureau  direct  the  contractors  to  proceed 
toward  this  end. 

17.  The  results  of  the  study  program  Infer  that  a  situation  display  is 
a  necessity  if  a  tactically  useful  system  is  to  result.  This  situation 
display  is  important  because  it  can  provide  data  from  which  the  pilot 
can  start  an  intercept  prior  to  AI  radar  detection,  (Enclosure  l). 

18.  A  preliminary  study  of  the  sensitivity  of  probability  of  succrus 

to  AI  radar  range  and  gimbal  angle  limits  ham  been  made.  The  result  is 
that  in  some  areas,  especially  nose-on,  the  probability  of  success  is 
very  sensitive  to  range.  In  other  areas,  especially  6o°  off  the  nose 
of  the  target  aft,  the  probability  of  success  is  very  sensitive  to  gimbal 
angle  limits.  It  is  obvious  that  these  features  are  Interdependent.  Thus 
a  compromise  in  mechanisation  (for  example  large  dish,  versus  gimbal  angle 
coverage)  which  can  result  in  an  approach  to  maximum  overall  use  capa¬ 
bility  must  be  recu&ed  before  design  effort  can  be  specified,  (Enclosure  3). 

19.  The  findings  of  this  study  could  and  should  be  applied  in  the  system 
design  effort  being  conducted  by  th®  various  contractors.  To  this  end, 
the  study  results  and  details  should  be  made  available  to  the  principal 
contractors .  The  Impact  of  this  is  directly  related  to  the  Importance 
of  defining  the  long  lead  time  system  elessmts. 

20.  The  undefined  developmental  state  of  IR  for  the  fire  control  system 
is  such  that  no  current  system  can  be  realistically  analyzed  in  terms  of 
Its  potential,  contribution  to  overall  system  performance.  TeBt  Informa¬ 
tion  taken  under  controlled  conditions  vould  provide  information  needed 
by  this  study  program  in  order  to  investigate  system  deficiencies  to 
determine  the  applicability  of  secondary  systems,  (Enclosure  2). 

21.  Analysis  of  system  performance  resulting  from  use  of  the  Sparrow  III 
IR  Seeker  will  begin  as  soon  as  sufficient  data  is  supplied  by  the  con¬ 
tractor.  To  date  the  Information  available  to  URL  is  not  adequate  to 
warrant  an  analysis. 
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28.  Results  of  Incorporation  of  ttaa  Sidewinder  missile  in  the  ays  tarn 
will  b«  Investigated.  Fcrthcasrtng  study  efiort  will  be  initially  baaed 
upon  estimates  of  missile  performance,  alnoa  design  of  the  Sidewinder  Ie 
will  not  be  froten  during  the  regaining  atudy  Interval. 

23 ,  Xn  order  to  continue  on  an  untnterru^  ted  baala;  it  is  important  at 
thla  time  for  the  Bureau  of  Aeronautlca  to  program  an  extenaion  to  con¬ 
tract  BOea  57- 663d  under  the  adalnlatratlve  cognisance  of  the  Bureau  of 
Aeronautics  AV-3122  end  under  the  technical  direction  of  the  Bquipomnt 
Research  Branch,  Code  5360,  URL.  Aa  detailed  In  the  report,  there  are 
important  arena  where  timely  coverage  will  not  occur  in  the  current 
atudy  program.  In  addition  there  are  problem  areas  which  should  be 
investigated  but  because  of  the  limited  scope  of  the  current  program  will 
not  be  investigated. 

2h.  The  Laboratory  will  forward  to  the  Bureau,  under  separate  cover,  a 
recommended  extended  study  program. 
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1.  "Flight  Test  of.  AI/AP3-50  Radar  Sat  -  *hasa  I,  Report  1/  XAXC, 

electronic  Teat  Division,  Project  T3D  Bo.  FTRIL  43045,  9  Feb  56 
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4.  "Report  of  Conference  at  Ravel  Research  laboratory,  Develop  input 

Data  and  Requirements  for  Weapon  Systems  Technical  Analysis," 

■EL  5360-462/57,  U  Am  57,  Secret 


46 


CQSFIDBirXAL 


AcnKMixDGsmrs 


Am  data  presented  In  this  report  represents  the  results, 
to  date,  of  the  levy's  Air-to-Air  Missile  Study  Pro  gnus, 
the  analytical  results  Including  those  fro*  which  the 
figures  were  derived  are  the  results  of  the  computa¬ 
tional  work  underway  at  Meetinghouse  Air  An  Division, 
the  authors  would  like  to  thank  the  Analytical  Section 
of  this  division  for  their  najor  contribution  to  this 
report,  and  In  particular  would  like  to  thank  Messers 
R.  Clanton,  J.  Buchan,  C.  Baida,  and  B.  Van  Hook.  In 
addition  the  authors  would  like  to  thank  P.  Waterman, 

L.  OUchrlst,  and  W.  Hodgson  for  their  assistance  In  the 
preparation  of  this  report. 
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TABLE  2 

LIJT  07  HORIZONTAL  ATTACK  8 TODY  CASES 


CASE 

ALTITUDE 

(t—t) 

VELOCITY  OK 

TARGET 

SPEED 

(fMt/iao) 

TARGET  TO 

INTERCEPTOR  SPEED  RATIO 

INTERCEPTOR 

(fMt/ue) 
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19l*0 
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1.0 

50HM 

50,000 

191*0 

1552 

0.8 

50HL 
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191*0 

873 

0.45 

30  SH 
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1897 

1.0 

30  HM 
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1518 

0.8 

30HL 

30,000 

1897 

854 

0.45 

1HH 
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1189 

1.0 
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1189 
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0.45 
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873 
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1LH 

1,000 
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1189 

13H 
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951 

ILL 
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Figure  3.  89!l  Cumulative  Probability  Detection  Range  AN^APQ-72 

and  AK/APQ-74  versus  Angle-off  Target  (Part  l) 
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Figure  4.  Sjjt  Cumulative  Probability  Detection  Range,  AN/APQ-72 
and  AN/APQ-74  veraua  Angle-off  Target  (Part  II) 
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Figure  5.  85$  Cumulative  Probability  Detection  Range  AN/APQ-72  and 

AN/APQ-71*  versus  Angle-off  Target  (Part  III) 
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Figure  fc.  85$  Cumulative  Probability  Detection  Range  AN/APQ-72  and 
AN /APQ-71*  versus  Angle -off  Target  (Part  XV) 
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Figure  7.  Low  Altitude  Detection  Bailee  -  Vertical 
Polarisation  (Theoretical) 


CONFIDENTIAL 


FIGr .  IS-  SPARROW  HL  KEfcOEuAVnc  PATA  ki  __  _ 
FORce  COEFFICIENT  SLOPRS  V*  MACH  NOMfiER 


NORMAL. 

S  C<>  CflJ  /p  $  ) 

<f>H-C> 


c  N, 


MACH  NOr^ftE  A 


CotfF/DEA/T/AL 


ft LL  ALTITUDES 


10 


9o‘ 


ALTITUDE  =  30,000  Ft. 

—  =  FIGHTER  HEADING 


I 


Fifr.  \8  -  LEAD  PURSUIT  TRAJECTORIES 


CONFIDENTIAL 


VF  «  1897  FT/SEC  (F 4  H-l) 

VT  «  '897  FT/ SEC 

ALTITUDE  »  3o,ooo  FT. 

/ 


-« - TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCKI 
C  -  SPARROW  IH  MAX.  AERODYNAI^ 
D  -  SPARROW  JH  MIN.  AERODYNAM 
E- CONSTANT  LOAD  FACTOR  LO(j 
F  -  90%  SPARROW  ICC  SEEKER  L(j 
G  -  6.5  N.M.  INTERLOCK  i 


FIG,  19  -  GO-ALTITUDE  LEAD 


8  6  4  2  2  4  6  8  10  15  20  25 


-  TARGET  HEADING  RANGE  (N.  MILES) 

85%  DETECTION  RANGE 

LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

SPARROW  JH.  MAX.  AERODYNAMIC  RANGE 
SPARROW  JR  MtN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  (  NZ  3  2,3  ) 

90%  SPARROW  HI  SEEKER  LOCK-ON  RANGE 

6.5  N.M.  INTERLOCK  CONFIDENTIAL 


80  # 


90* 


10 


VF  “  1897  FT/SEC  (F4H-I) 
VT  «  1 5 18  FT/SEC 
ALTITUDE  ■  50,000  Fj. 


-  TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCK 
C  -  SPARROW  IH  MAX.  AERODYNAN 
D  -  SPARROW  HI  MIN.  AERODYNAN 
E -CONSTANT  LOAD  FACTOR  L0< 
F  -  90%  SPARROW  HI  SEEKER  U 


G  -  6.5  N.M.  INTERLOCK 


F!G.  -  CO-ALTITUDE  LEAD 


|  8  6  4  2  2  4  6  8  !0  15  20  25 


f -  TARGET  HEADING  RANGE  (N.  MILES) 

-85%  DETECTION  RANGE 
-LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

-SPARROW  HI  MAX.  AERODYNAMIC  RANGE 

-  SPARROW  m  MIN.  AERODYNAMIC  RANGE 
-CONSTANT  LOAD  FACTOR  LOCUS  ( Nz ■  2,3  ) 

-  90%  SPARROW  3H  SEEKER  LOCK-ON  RANGE 
!-  6.5  N.M.  INTERLOCK 


CONFIDENTIAL 


25 


20 


10  8 


Vp  ■  I  SSI  FT/SEC  (F4H-I) 
VT  a  854-  FT/ SEC 
ALTITUDE  *  30,000  FT 


V 


-< - TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK- ON  RANGE  (10  SEC.  LOC( 
C  -  SPARROW  HI  MAX.  AERODYNA 
D-  SPARROW  HI  MIN.  AERODYNA 
E-  CONSTANT  LOAD  FACTOR  L< 
F  -  90%  SPARROW  JET  SEEKER 
G  -  6.5  N.M.  INTERLOCK 


FIG.  a.1  -  CO-ALTITUDE  LEAD 
PURSUIT  ATTACK  ZONE 
OVERLAYS. 


6  4  2  2  4 

—  TARGET  HEADING 


8  10  15 

RANGE  (N.  MILES) 


85%  DETECTION  RANGE 
LOCK-ON  RANGE  ( 10  SEC.  LOCK-ON  TIME) 
SPARROW  HT  MAX.  AERODYNAMIC  RANGE 
SPARROW  OH  MIN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  ( Nz = 2, 3 ) 
90%  SPARROW  nr  SEEKER  LOCK-ON  RANGE 
6.5  N.M.  INTERLOCK 


CONFIDENTIAL 


%■ 


Vp  *  19+0  FT/SEC  (F4H-  I) 
yT  *  1940  FT/ SEC 
ALTITUDE  »  50,ooo  FT. 


-  TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCK 
C  -  SPARROW  3H  MAX.  AERODYNAM 
D  -  SPARROW  HL  MIN.  AERODYNAM 
E- CONSTANT  LOAD  FACTOR  LOC 
F  -  90%  SPARROW  HI  SEEKER  L( 


G  “  6.5  N.M.  INTERLOCK 


8  6  4  2  2  4  6  8  10  15  20  25 


-  TARGET  HEADING  RANGE  (N.  MILES) 

15%  DETECTION  RANGE 

.OCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

HARROW  ID  MAX.  AERODYNAMIC  RANGE 
iPARROWJH  MIN.  AERODYNAMIC  RANGE 
JON ST ANT  LOAD  FACTOR  LOCUS  ( Nz  -  2,3 ) 

K)%  SPARROW  IK  SEEKER  LOCK-ON  RANGE 


>.5  N.M.  INTERLOCK 


CONFIDENTIAL 


Sr 


Vp  ■  194-0  FT/SEC  (F4H-I) 

VT  *  fSSSL  FT/ SEC 
ALTITUDE  «  5o,ooo  FT. 


-  TARGET  HEADING 

A -85%  DETECTION!  RANGE 
B- LOCK-ON  RANG!:  (10  SEC.  LOCK 
C  -  SPARROW  JH  MAX.  AERODYNAM 
D- SPARROW  HI  MIN.  AERODYNAM 
E- CONSTANT  LOAD  FACTOR  LOC 
F  -  90%  SPARROW  HI  SEEKER  L< 


G  -  6.5  N.M.  INTERLOCK 


FIG.  J3- CO-ALTITUDE  LEAD 


35%  DETECTION  RANGE 

Lock-on  range  (iosec.  lock-on  time) 

^RARROW  HI  MAX.  AERODYNAMIC  RANGE 
SPARROW  IE  MIN.  AERODYNAMIC  RANGE 
SON ST ANT  LOAD  FACTOR  LOCUS  ( Nz «  2,3 ) 

30%  SPARROW  OH  SEEKER  LOCK-ON  RANGE 

S.5  N.M.  INTERLOCK  CONFIDENTIAL^^-- 


Ml 


m 


'l/K& 


jm/tmk 


Vp  *  194 -o  FT/SEC  (F4H-I) 
Vj  b  B13  FT/ SEC 
ALTITUDE  =  FT. 


-  TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCK 
C  -  SPARROW  HI  MAX.  AERODYN Ah 
D- SPARROW  HI  MIN.  AERODYNAft 
E- CONSTANT  LOAD  FACTOR  LOI 
F  -  90%  SPARROW  HI  SEEKER  L 
G  -  6.5  N.M.  INTERLOCK 


I 


FIG.  24~-  CO-ALTITUDE  LEAD 


■85%  DETECTION  RANGE 

■LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

■  SPARROW  HI  MAX.  AERODYNAMIC  RANGE 

■  SPARROW  m  MIN.  AERODYNAMIC  RANGE 

■  CONSTANT  LOAD  FACTOR  LOCUS  ( Nz ■  2,3  ) 
90%  SPARROW  3H  SEEKER  LOCK-ON  RANGE 
6.5  N.M.  INTERLOCK 


CONFIDENTIAL  Jb 


i 


t 


■a 


3TT 


•  -  >1 


H  JliiSfcJliEjECt  3i. 


-iXI-LH-SQId  *OQ _  awtl 


314KV  a*jn  woiawAai* 


Ce)  (-f>  3>9HV  AOiMsV 


(?«»0  uvy  W»h*j.xw  noiawaji 3 


W  f 


t.U-.'  fw 


»TT7l 


^’11 


artnan^ij 


Iff*1 


»'1» 


i 

I* 


VF  -  894-  FT/SEC  (F4H-I) 

VT  =  I&97  FT/SEC 

ALTITUDE  =  3o,ooc  FT. 


-  TARGET  HEADING 

A  -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCK- 
C  -  SPARROW  HI  MAX.  AERODYNAMI 
D  ~  SPARROW  TH  MIN.  AERODYNAMI 
E- CONSTANT  LOAD  FACTOR  LOCI 


F  -  30%  SPARROW  HI  SEEKER  LOO 
G  -  6.5  N.M.  INTERLOCK 


8  6  4  2  2  4  6  8  10  15  20  25 

-  TARGET  HEADING  RANGE  (N,  MILES) 


85%  DETECTION  RANGE 

LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME  ) 

SPARROW  IH  MAX.  AERODYNAMIC  RANGE 
SPARROW  HI  MIN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  ( Nz *  2,3 ) 

90%  SPARROW  HI  SEEKER  LOCK-CN  RANGE 

6.5  N.M.  INTERLOCK  CONFIDENTIAL 


40* 


Vp  ■  894-  FT/SEC  (F4H- i) 
VT  B  1518  FT/SEG 
ALTITUDE  =  3o,ooo  FT. 


/ 


-*r - TARGET  HEADING 

A  - 85 %  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC-  LOCK-^ 
G  -  SPARROW  HI  MAX.  AERODYNAMIC 
D  -  SPARROW  HL  MIN.  AERODYNAMI< 
E' CONSTANT  LOAD  FACTOR  LOCt| 
F  -  90%  SPARROW  JEl  SEEKER  LOG 
G  -  6.5  N.M.  INTERLOCK  ’ 


|  FIG.  Afo  "  CO-ALTITUDE  LEAD 


8  6  4  2  2  4  6  8  10  15  20  25 


f -  TARGET  HEADING  RANGE  (N.  MILES) 

I*  85  %  DETECTION  RANGE 
^ LOCK- ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

•SPARROW  IH  MAX.  AERODYNAMIC  RANGE 
SPARROW  HI  MIN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  (  Nz ■ 2  3) 

[  90%  SPARROW  OH  SEEKER  LOCK-ON  RANGE 
6.5  N.M.  INTERLOCK 


CONFIDENTIAL 


Vp  -  8>94-  FT/SEC  (F4H-  !) 
VT  a  &S4-  FT/ SEC 
ALTITUDE  =  30,000  FT. 


/ 


— - -  TARGET  HEADING 

A -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  TEC.  LOCK- 
C  -  SPARROW  M  MAX.  AERODYN  AMI 
D  -  SPARROW  HL  MIN  AERO DYM AMI] 
E- CONSTANT  LOAD  FACTOR  LOC| 
F  -  90%  SPARROW  HI  SEEKER  L0| 
G  -  6.5  N.M.  INTERLOCK 


i 


I 


.3r 


FIG.  <37  -  CQ-ALTITUDE  LEAD 
PURSUIT  ATTACK  ZONE 


A\/C£3(  A  w/% 
V-T  V  L  Pi  L  H  I  O  . 


\  / 


&  \  }$*? 


6  4  2  2  4  6  8  10  !5  20 

I  TARGET  HEADING  RANGE  (N.  MILES) 

5%  DETECTION  RANGE 
LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 

SPARROW  Ht  MAX.  AERODYNAMIC  RANGE 
SPARROW  J3I  MIN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  (  Nr  *  2  3) 

90%  SPARROW  Hr  SEEKER  LOCK-ON  RANGE 
6.5  N.M.  INTERLOCK 


_ --^70 


CONFIDENTIAL 


Vp  =  ©73 

VT  *  1 34-0 

ALTITUDE 


FT/SEC  CF4H-!) 
FT/SEG 

=  50  OOO  FT. 


/ 


-« - TARGET  HEADING 

A -85%  DETECTION  RANGE 
B- LOCK-ON  RANGE  (10  SEC.  LOCK 
C  -  SPARROW  .nr  MAX.  AERODYNAfc 
D- SPARROW  HI  MIN.  AERGDYNAfy 
E  -  CONSTANT  LOAD  FACTOR  L0< 
F  -  30%  SPARROW  OH  SEEKER  L' 
G  -  6.5  N.M.  INTERLOCK 


80° 

^4- 


FIG.  <28-  r.n-Ai  Tin  in  cr  i  r  a  n 

v  w  *  ,fc*  •  1  I  V/  IS  I—  L-  L  M  L/ 

PURSUIT  ATTACK  ZONE 
OVERLAYS. 


\I40° 

/\ 

\ 

\ 


6  4  2  2  4 

—  TARGET  HEADING 


L  1'  WT  I N 


— \l  6  0 ' 


8  IG  15 

RANGE  (N,  MILES) 


85%  DETECTION  RANGE 
LOCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 
SPARROW  1C  MAX.  AERODYNAMIC  RANGE 
SPARROW  HI  MIN.  AERODYNAMIC  RANGE 
CONSTANT  LOAD  FACTOR  LOCUS  ( Nz = 2  3) 
90%  SPARROW  HI  SEEKER  LOCK-ON  RANGE 
6.5  N.M.  INTERLOCK 


CONFIDENTIAL 


9 


O' 


VF  =  873  FT'SEC  (F4H-!) 
VT  s  l53A-  FT/SEC 
ALTITUDE  =  SO,oc3  FT 


[ft 


‘‘d 


SS2S 


2  2  4  6 

- TARGET  HEADING 

A  -85%  DETECTION  RANGE 
B  -  LOCK-ON  RANGE  (10  SEC.  LOCK-Of 
C  -  SPARROW  nr  max.  aerodynamic 
D- SPARROW  m  MIN.  AERODYNAMIC 
E- CONSTANT  LOAD  FACTOR  LOCUS 
F  -  90%  SPARROW  HI  SEEKER  LOCH 
G  -  6.5  N.M.  INTERLOCK 


100° 

X" 


F!G  A9-  CO-ALTITUDE  LEAD 
PURSUIT  ATTACK  ZONE 
OVERLAYS 


fifiiv 


kV 


6  4  2  2  4 

—  TARGET  HEADING 


8  10  15 

RANGE  (N.  MILES) 


S5%  DETECTION  RANGE 
L0CK“0N  RANGE  (10  SEC.  LOCK-ON  TIME) 
SPARROW  HI  MAX.  AERODYNAMIC  RANGE 
SPARROW  HI  MIN.  AERODYNAMIC  RANGE 

Constant  load  factor  locus  (  nz  *  2,3  ) 
po%  sparrow  m  seeker  lock-on  range 

5.5  N.M.  INTERLOCK 


confidential 


L 


FIG.  do-  co-altitude  lead 


5%  DETECTION  RANGE 
OCK-ON  RANGE  (10  SEC.  LOCK-ON  TIME) 
PARROW  HI  MAX.  AERODYNAMIC  RANGE 
PARROW  HI  MIN.  AERODYNAMIC  RANGE 
ONSTANT  LOAD  FACTOR  LOCUS  (Nz  =  2,3) 
0%  SPARROW  an  SEEKER  LOCK-ON  RANGE 
.5  N.M.  INTERLOCK 


CONFIDENTIAL 


.triAw 


jw 


ARStET  W  FT. 


of  attacks 


Ft%.4-S  -  K>Uu-UF 


.  *  ■  i  h  t 

!  !  !  U  !  i 


. . .  i  ,  I  .  l  j 

-4-h— >■■■ -■»— ■»— 4~ 

I . . 1 

i 

J 

(-  U  ~ 
u.  T 

o  \i 

o  W 

o'  {?  m  « 

W  *  M  W- 
^  O  0  «  J 

<$  t  tsf 

“'aw 
M  7  r-  at  B 

ui  i*S- 

*1  Vss 

jtsaas^s 

rfsfe  ?  i 

*  «  w  2  j  t 

i  2  s  ■ 


*6i 

I  «  o 
f-Ot- 


1  •  :  1  I 
;:!!'! 
t'iUnii  tj-j-fi};. 

i4^-4i4-run 

i  -  t  |-j : :  I 

•)  - 1- j  -t  >  {  *  •{  j  f-f-f-i  r  t  * 

wi hi, i  n  i ! ; ; 


iillli! 


t  * 


rnnn 


noise  power  density 


Y 


IM 


■  v,  CORRECT  LEAD  ANGLE 
gfi  INITIAL  LEAD  AN&LE. 

\T\K\..  ERROR  |A 


WITIM  FIGHTER  HEADIHfr 


/  r  \ 


CORRECT  LE  \0 
PURSUIT  ROORSE 


LIKE  OF  SIOHT 


Fig.  51-  Initial  Conditions  ior  Settling  Time  Study 


CqMFiOC  'JY/P.k. 


(o)  'Mo'aijg  ivnovy 


* 

w 


* 

£ 

£ 

vb 

z 

j 

*- 


* 

« 

a 

III 

£ 


7 

<u 

VI 


£ 

P 

* 

i 

\ts 

to 


Fig.  52-  Error  vs  Time  from  Settling  Time  Study 


CoHpiOEllT  mu 


DISTRIBUTION  OPPOSITION  IN  AZIMUTH  / 


Fig.  53-  Conditions  Applied  to  Get  Initial  Errors 


CONFIDENT  lAL 


UIAULATNE  PERCENTAGE  OF  INTERCEPTIONS 


cbrtfioeiiTiM. 


fc>£ 


Fi«r.  58-  OGTEOTJOK  FOR.  *r 

TH€  YAASrG-r  VJf  »TH  'rfERTlCftl-  fol,*R  AXATiOft* 


CoriFtOCHTiftL. 


OETEcTiort  C*.iVin.E*} 


•V^R6€.T  ASPECT  AMHE  C0>> 


F»Cr-  5*1-  OETtctioH  RAHK  Fo«.  RA«H 
8CTWECM  Radar  *•»*  TAtt-frCT  WITH 
yeericAL  Pou^U^z-atiok3 


CoUFU  £NTlftL. 


DETECTS  CH  gAHfcrC  (Xkmi-ESJ 


tail.  So  Co  A«  JU  BEAM  lo  40  fc8  00  Hose 
TAR*«T  ASPECT  AHfrCC  C°) 

fife.to-  pe.rEc.-noN  ram.ee  for  Rain 
RCT'jJCEN  RAOAR  ARC1  TABfcET  W«TN 
ve«-TJCAC  poUAftlZ. ATlOH  . 


CoNFipt  NT  l  At 


O  [  .  .1 


o  30  to 

Host 

TA.R6ET  RSPCC 

R&.  tl~  II-VPROVCO  ftt 

C8S%  PR.o8pi8\«- 
Ho  CLoTTCft.  ( 


Cortf  IPCNTiRL 


IhFi*: 


ASPECT  (») 


FIG .  69-  Detection  Hange  in  Clear  Weather 
Cxrcular  Polarization 
low  Altitude 


CONFIDENTIAL 


Df-TECTtOH  RAMG-E  <M.  MtUFSJ 


ASfCCT  A*»«rUE  (®> 


Fig.  70-  Detection  Range  with  :ain  at  the  Target 
Circular  Polarization 
Altitude  -  5000  ft. 


C.oHf'tOBHTiAc 


OS£T£e.Ytotf  RM6-E  O*-  I"' »»-**•> 


Fig.  71-  Detection  Range  with  Rain  at  the  Target 

Plyiniilnr 

V«ti  tuiui  a~  vwi  kj-swivii 

Altitude  Greater  than  20,000  ft. 


i 


cofAFtoenxtAu 


Naval  Research  Laboratory 
Technical  Library 
Research  Reports  Section 


DATE:  February  26,  2001 

FROM:  Mary  Templeman,  Code  5227 

TO:  Code  5300  Paul  Hughes 

CC:  Tina  Smallwood,  Code  1221.1  I 

SUBJ:  Review  of  NRL  Reports 


Dear  Sir/Madam: 


1. 


Please  review  NRL  Report  MR-754  Volumes  I,  II,  III,  IV,  VII,  VIII,  IX,  X,  XI,  XII,  XIII, 
XIV,  XV,  MR- 1372  and  MR- 1289  for: 


Possible  Distribution  Statement 
Possible  Change  in  Classification 


Thank  you, 


Mary  Templeman 
(202)767-3425 
maryt@library.nrl.navy.mil 


The  subject  report  can  be: 


□ 

□ 


Changed  to  Distribution  A  (Unlimited) 

Changed  to  Classification _ 

Other: 


Signature 


Date 


**  MAY  CONTAIN  EXPORT  CONTROL  DATA  ** 


Record  List  03/8/101 

Page  1 

AN  (1)  AD-  367  910/XAG 
FG  (2)  150600 

Cl  (3)  (U) 

CA  (5)  NAVAL  RESEARCH  LAB  WASHINGTON  D  C 

TI  (6)  DESIGN  AND  DEVELOPMENT  PROGRAM  FOR  F4H-1  AND  F8U-3  WEAPON  SYSTEMS. 

DN  (9)  Memo.  rept. 

AU  (10)  Waterman, Peter 

RD  (11)  30  Nov  1957 

PG  (12)  191  Pages 

RS  (14)  NRL-MR- 754 

RC  (20)  Unclassified  report 

AL  (22)  Distribution:  DoD  only:  others  to  Director,  Naval  Research  Lab.,  Attn:  Code 
1221.1.  Washington,  DC  20375-5000. 

DE  (23)  (*jet  fighters,  weapon  systems),  (*research  management,  weapon  systems) 
search  radar,  identification  systems,  display  systems,  radar  operators, 
performance (engineering) ,  interception  probabilities,  detection,  aerial  warfare 
(u)  air  to  air  missiles,  fire  control  systems,  naval  aircraft,  combat 
information  centers,  infrared  equipment 
DC  (24)  (U) 

ID  (25)  an/apq-50,  an/apq-72,  an/apq-74,  f-4  aircraft,  f-8  aircraft,  sidewinder, 
sparrow 
IC  (25)  (U) 

DL  (33)  04 
CC  (35)  251950 


APPROVED  FOR  PUBLIC 
RELEASE  •  DISTRIBUTION 
UNLIMITED 


